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Summary
The extraction of amines from samples of chocolate, cheese, 
wine, cooked meat, baked beans and yoghurt has been carried out 
according to a recently devised method. This involves homogenisa­
tion in a two phase solvent system and isolation of the amines on an 
ion-exchange column. The amines were analysed, as their trifluoro- 
acetyl derivatives, by gas chromatography (on support-coated open 
tubular columns) and by combined gas chromatography - mass spectrometry. 
The major compounds most commonly found in the foodstuffs extracted 
are: pyrrolidine, 2-phenylethylamine, iso-pentylamine, ammonia and
two compounds ('A' and !B ’) which still remain unidentified. The 
synthesis of a large number of authentic amines are described; these 
were prepared with a view to the identification of the two particular 
unknown compounds.
The mass spectra of the derivatives of components found in the
i
foods are reported and the fragmentation processes of the six major 
constituents are discussed. The mass spectra of the synthesised 
compounds are included and their behaviour under electron-impact is 
discussed. The trifluoroacetyl derivatives of a series of alkylamines 
and cycloalkylamines have been prepared and their mass spectra recorded 
in order to gain information on the characteristic fragmentation 
patterns of this type of compound.
A variety of perfluorobenzoyl derivatives of aliphatic and 
aromatic amines have been prepared and several modes of fragmentation 
for this type of compound are proposed.
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CHAPTER 1
Introduction
Migraine headaches afflict approximately 10$ - 15$ of the 
1
British population; about 30$ of these sufferers believe that
2
certain foods precipitate their attacks. This type of headache
3
is known as dietary migraine. A survey by Hanington showed that 
the foods, which five hundred migraine sufferers cited as precipitants 
of their attacks and in order of frequency of potentiation, were:-
Chocolate 75$
Cheese and dairy products 48$
Citrus fruits 30$
Alcoholic drinks 25$
Fatty fried food 18$
Vegetables, especially onions 18$
Tea and coffee 14$
Meat, especially pork 14$
Sea food 10$
4
From 1963 to 1965, Blackwell and his associates (Blackwell,
5 6
Blackwell and.Mabbit, and Blackwell and Marley ) reported
that patients being treated with monoamine oxidase inhibitors
occasionally develop severe headaches after eating cheese. They also
showed that the headaches are due to the absorption of tyramine from
the cheese owing to the inhibition of monoamine oxidase, which is the
enzyme responsible for the breakdown of tyramine in the intestine.
Other foods which caused the same effect on persons being treated with
inhibitors of monoamine oxidase were alcohol, fish, beans, dairy
7
products and chocolate. In 1967, Hanington pointed out the 
similarity between this list of foods and a list of foods which had 
been reported to precipitate migraine headaches. This led Hanington 
to a further investigation in which patients with a history of dietary
-5-
migraine were orally administered with 100 mg. of tyramine or 100 mg.
of lactose in a controlled trial. It was found that migraine was
precipitated by the tyramine but not by the lactose. Evidence that
tyramine may not be the only amine in food which can produce migraine
in susceptible individuals came from the finding that chocolate does
8
not contain a significant amount of tyramine. Yet chocolate is
the most common food cited by sufferers as causing migraines. The
Food Research Association was therefore asked to extract and attempt
to identify the significant amines present in a selection of foodstuffs.
Four compounds have been identified in this present study, which are
major components in many of the foods analysed. They are: pyrrolidine,
2-phenylethylamine, iso-pentylamine and ammonia plus two compounds,
'A' and 'B', which still remain unidentified.
2-Phenylethylamine is a vasoactive amine acting in a similar way
to tyramine on vascular tissue. Thus its presence in many of the
9
foods analysed, especially chocolate, led Hanington to investigate 
the effect of administering oral doses of 2-phenylethylamine to dietary 
migraine sufferers. The results show that 2-phenylethylamine does 
precipitate a migraine attack in many patients at a considerably lower 
level than found for tyramine (i.e. 3mg. compared with 200mg. for tyr­
amine ). .
Some of the first extracts of cocoa beans and chocolate were made
10 11 
by Schmalfuss and Bartmeyer and by Steinman, who identified
several esters, aldehydes and acids. This work was taken further by 
12
Bailey et al. but as before no mention of amines was made. In
13
1964, Dietrich et al. made a further study of cocoa beans and
chocolate and tentatively identified twenty-nine new components, of
which six were amines; notably 2-phenylethylamine and isopentylamine
together with sec-butylamine, 2-acetylpyrrolidine, dimethylpyrazine
14
and 2,3,5,6-tetramethylpyrazine. More recently, Keeney has made
-6-
an extensive study of the volatile compounds from roasted cocoa 
beans and chocolate and has reported the presence of over 300 con­
stituents. The publication vas mainly concerned, however, with the 
presence of monocarbonyls, pyrrole aldehydes, and alkylpyrazines,
although a small number of amines were reported.
15In 1903, Van Slyke and Hart showed that tyramine is present
in cheese, since then many workers (notably Kosikowsky and Dahlberg,^
17
and Sen ) have reported varying levels of tyramine in
different cheeses. One of the first papers to deal with amines in
18cheese, apart from tyramine, was published in 1951 by Block, who
studied the amino acid, peptide and amine content of milk, concentrated
milks and cheese. Apart from tyramine, low levels of cadaverine,
histamine and less commonly 2-phenylethylamine and putrescine were
claimed to be present in a variety of Cheddar, Limburger and Swiss
cheeses. Further analyses of Cheddar cheeses were made by Silverman 
19
and Kosikowski, who reported similar findings to those of Block
although they did not detect any 2-phenylethylamine. More recently,
20
Spettoli has made an extensive study of the volatile and non­
volatile amines from twenty-four different Italian cheeses. The com­
pounds identified included iso-pentylamine, iso-butylamine, hexylamine, 
ethanolamine, histamine and tyramine. Spettoli found large variations 
in both the nature and amounts of amines present in different cheeses. 
Three recent publications have reported the extraction of amines
from various wines, which like chocolate and cheese have been implicated
21
in causing migraine attacks. Drawert extracted a number of wines
by steam distillation and identified several amines in the extracts. 
Commonly occuring amines were found to be:- 2-phenylethylamine, 
pyrrolidine, iso-pentj^lamine, methylamine, ethylamine, propylamine, iso­
propylamine, n-butylamine, iso-butylamine and n-pentylamine. Similar
22
results were obtained by Pupetti and Suomalainen from the extraction
of Reisling, white Bordeaux and red Burgundy, although neither 2-
phenylethylaraine nor pyrrolidine were detected. More recently,
23
Spettoli extracted several Italian wines and identified a number
of amines including pyrrolidine and iso-pentylamine.
2-Phenylethylamine, pyrrolidine and iso-pentylamine have also been
detected in a variety of other foodstuffs which have not been connected
. .  . 24 with migraine attacks. For example, Askar et al. identified 2-
phenylethylamine, iso-pentylamine and a variety of other amines in
several samples of bananas. Other foods in which 2-phenylethylamine
25 26 
has been found are mushrooms, soya bean paste*1' and rice vinegar.
27
Iso-pentylamine and pyrrolidine have been reported to be
28
present in certain types of bread.
A large number of methods for extraction of foodstuffs have been
reported and a review on this subject would be inappropriate. General
extraction techniques and specific procedures for individual foods are
given in the publication of the Association of Analytical Chemists
29
(A.O.A.C.) Methods, In addition, two extensive reviews of the
extraction methods and analysis of the volatile components of food have
30 31
been made by Issenburg and Hornstein and by Veurman.. The most
frequently cited methods for extraction are:- liquid-liquid extraction, 
fractional distillation, steam distillation and adsorption/desorption 
onto various surfaces (e.g. charcoal). Extractions of the less vola­
tile and non-volatile constituents of food have also been made according
18to a number of methods. For example, both Block, and Silverman and
19Kosikowski used a continuous liquid-liquid extraction of Cheddar
21 23
cheeses but both Drawert and Spettoli extracted amines from
wine by steam distillation. Another method is by leaching the sample
with hot solvent in several stages or continuously in a Soxhlet apparatus
-8-
Due to the high water content of many foods, extractions are often
preceded by a drying stage which may result in the loss of labile
compounds and alter the texture of the sample thereby making solvent
penetration more difficult. Clearly this may be a disadvantage when
32
minor constituents are being studied. In recent years, Bergmeyer 
has shown that efficient extractions can be made by high speed homo­
genisation of the food sample in contact with a suitable liquid medium. 
The extraction is fast, relatively simple and is carried out at room 
temperature. All the soluble constituents are taken up by the solvent 
which is then recovered by filtration or centrifugation. In certain
extractions, two phase solvent systems have been employed during homo-
33
genisation in order to separate a particular fraction.
Methods for separation and identification of the components 
extracted from a foodstuff are again varied. Until recently, the 
sophisticated techniques of gas chromatography and mass spectrometry 
were not available for this purpose. Thus separation of components 
was generally performed by paper or thin-layer chromatography and 
identification by comparison of Rf values with those of authentic 
compounds. An example of the use of paper chromatography for the 
separation and identification of food extracts is given in a publica-
34
tion by Veurman and Rooij, who extracted a variety of foods (e.g.
cocoa powder, milk, fish) by steam distillation, and submitted the
concentrated extract to paper chromatography. Several aliphatic
amines were identified in the extract including iso-pentylamine, although
no aromatic amines were detected. The authors pointed out however,
that owing to the lack of selectivity of the technique many of the
amines were only tentatively identified. Two publications to which
18reference has already been made by Block and by Silverman and 
19ICos.ikowski, concerning the extraction of cheese, also reported
the use of paper chromatography for separation and identification of 
components. The advantages of the technique are that it is extremely 
simple and requires relatively inexpensive equipment. The main dis­
advantages of paper chromatography are: the lack of selectivity,
which often prevents the separation of complex mixtures and the fact
35
that the methods of preparative paper chromatography are laborious.
Thin-layer chromatography has also been widely used for separation
and identification of the components of a food extract, as two recent
20
reports by Spettoli illustrate. A number of Italian cheeses and
23
Italian wines were extracted by steam distillation and several 
amines were identified, including pyrrolidine, iso-pentylamine and 
histamine together with a number of other biogenic amines. Thin- 
layer chromatography has the advantages of paper chromatography but 
also it is considerably faster, often reducing separation times from 
hours to minutes. The resolution obtained by thin-layer chromatography 
is also better than that from paper chromatography.
In recent years, more and more analyses of food extracts have 
been made by gas chromatography. The advantages of this technique 
are its high speed of operation and a possible resolution of several 
orders of magnitude above that of paper or thin-layer chromatography.
By choosing the correct conditions, highly complex mixtures may be 
separated into individual components. The relatively complex and 
expensive equipment needed and the requirement that substances to be 
chromatographed must have a reasonably high vapour pressure are dis­
advantages of the technique. The latter requirement can often be 
provided, however, by the use of volatile derivatives.
There are many problems associated with the analysis of amines 
by gas chromatography. Principally, amines interact with acidic
-10-
sites on solid supports which leads to tailing of peaks on chromato­
grams. In order to analyse free amines, a technique which uses
alkaline stationary phases has been developed by O ’Donnell and Mann,
36 37 38 39
Ciepelinski, Thompson and Smith, and Kerr et al.
This usually involves either treating the support with sodium or
potassium hydroxide before impregnating it with stationary liquid or
dissolving the alkali in the stationary phase, to give a weight of
between 0.1$ and 2.0$ of the total packing weight. The use of amine
derivatives (that is, derivatives which reduce the basicity) is well
established, and has the advantage that the tailing associated with
free amines is eliminated. Also, the more volatile amines are
usually easier to handle as derivatives; on the other hand involatile
amines are often made sufficiently volatile for analysis. A large
40
number of derivatives are available for this purpose. For
41
example, Day et al. prepared the 2 ,4-dinitrophenyl derivatives of
a series of primary and secondary amines for gas chromatographic
42
analysis, and Capella and Horning analysed the trimethylsilyl
derivatives of biogenic and aromatic amines.
It is becoming increasingly common to prepare fluorinated
derivatives for analysis by gas chromatography, the main reason being
40
the marked volatility of such derivatives. Yandenheuvel et al . 
showed that whereas the elution order for ordinary amides is acet- 
amide, propionamide, butyramide, the corresponding fluoro derivatives 
show no large increase in retention time along the series from tri- 
fluoroacetamide to heptafluorobutyramide, but all such fluoroacyl 
derivatives of amines show a significant'decrease in retention times 
over those for the corresponding non-fluoro derivatives. Thus, 
N-n-hexadecylpentafluoropropionamide was eluted only just after N-n— 
dodecylpropionamide even though the former has a molecular weight 
ca. 150 mass units higher.
-11-
The preparation of fluorinated derivatives has therefore made
possible the gas chromatographic analysis of relatively involatile
43
compounds. In 1962, Zomzely et al. separated a mixture of
twenty-two amino acids, as the N-trifluoroacetyl derivatives of the
n-butyl esters, using gas chromatography. Similarly, Cruickshank 
44
and Sheehan analysed individual amino.acids and mixtures of them,
using the N-trifluoroacetyl derivatives of their methyl esters.
45
More recently Roach and Gehrke have prepared the N-trifluoroacetyl 
n-butyl ester derivatives of amino acids from proteins for analysis by 
gas chromatography. Analysis of the hydrolysis products of peptides
after the trifluoroacetylation of the amide groups has been made by
46 47
Veygand et al . In 1966, Pailer and Htlbsch prepared a large
number of phthalyl, succinyl, trifluoroacetyl andpentafluoropropionyl
derivatives of primary and secondary amines in order to investigate
their suitability for analysis by gas chromatography. They found that
the best results, in terms of separation and ease of preparation of
the derivative, were obtained with trifluoroacetyl derivatives.
48
Morrissette and Link found that the increased volatility and lowered 
polarity of the trifluoroacetyl derivatives of amines and amides 
permitted the efficient separation by gas chromatography of mixtures 
of saturated and unsaturated homologues.
A further advantage of the use of fluorinated derivatives for 
analysis by gas chromatography is that it permits the use of the 
highly sensitive electron capture detector. Several workers have
used this technique to detect low levels of various amines. Karoum
49 o 50
et al.. and AnggArd and Sedvall have assayed picomole con­
centrations of biogenic amines (notably catecholamine type compounds) 
by using their pentafluoropropionyl or heptafluorobutyryl derivatives.
Gas chromatography is an excellent tool for the separation and 
quantitative determination of the components of a complex mixture.
-12-
It is not so good for qualitative identification. The retention 
time can often be used to exclude the possible existence of a com­
pound in a complex mixture but the accuracy of retention measurements 
is insufficient to allow positive identification of a component in 
many cases. The use of two or more different columns to obtain 
different retention time data is possible but is only practical for 
simple mixtures or pure compounds. For good qualitative analysis, 
gas chromatography should be combined with some other analytical, 
system. The usual choice for this is mass spectrometry because of 
its high sensitivity, and the relative specificity of the spectral 
information. Many of the problems associated with linking a gas 
chromatograph and a mass spectrometer are discussed in a recent
51
publication by McFadden, and an extensive review of gas chroma­
tography - mass spectrometry (G.C.M.S.) combinations and their
52
applications has been made by Junk. The last author reviews
much of the recent literature regarding G.C.M.S. applied to topics 
such as foods and flavours, geochemistry, biochemical and medical 
problems, steroids and amino acids. There are many examples in the 
literature of the G.C.M.S. analysis of fluorinated derivatives of 
amines. Many workers have made use of the increase in volatility 
associated with this type of derivative in order to obtain mass
53spectra of amino acids and other large molecules. Gelpi etal.
for example, have recorded the spectra of the N-trifluoroacetyl
derivatives of the O-alkyl esters of the naturally occurring amino
54
acids. KiJenig et al. found that preparation of the trifluoro­
acetyl derivatives made possible the G.C.M.S. analysis of deoxysugars, 
methylglycosides and dissaccharides.
The mass spectra of a large number of trifluoroacetyl derivatives
55of aliphatic and aromatic amines have been recorded by Pailer et al.,
59by Saxby and by Zeman and Wirotama. In three publications,
-13-
Saxby reported the spectra and fragmentation processes of a series
56 , , , 57of alkyl trifluoroacetamides,
58
aryl trifluoroacetamides and
aryl trifluoroacetates.^^ In the study of the alkyl derivatives
it was shown that the intensity of the molecular ion is high for the 
N-methyl and N-ethyl trifluoroacetamides but rapidly diminishes to 
zero for the longer chain compounds. All of the alkyl derivatives 
studied showed peaks at m/_e 69 and at (M-69) , corresponding to
-j-
CF^ and the loss of CF^*from the molecular ion, respectively. A 
major fragmentation process found throughout the series occurred 
through C a - C p  bond cleavage resulting in the loss of an alkyl 
radical from the molecular ion. This type of fragmentation was found 
to produce the base peak in many of the spectra recorded. Two 
examples of the fragmentation pattern exhibited by alkyl trifluoro­
acetyl derivatives are given below; both spectra are reproduced from
56
126
the publication by Saxby.
18 J
Plo
•H
pdm
•H
PiOM
r—I d 
-P o 
EH
p
Pi<D
O
PiO
PH
69
44
Lfllk
40
72
78
11
114
ir-L
CH3CH2NHCOCF3
141
m/i
100 UTo
10 J
i-H Pi 
d O 
P  -H 
O P  
Eh d w
P  -h 
Pi Pi a> o
O M  
Pi<1)
PH
126
44
69
56
114
40 T5o
m/e
128
CH (0Ho ) NHCOCF 
3 2 5 3
loo*
-14-
The publication on N-aryl trifluoroacetyl derivatives shoved 
that there is considerable variance betveen the fragmentation ex­
hibited by the alkyl and aryl compounds. All of the aryl derivatives 
studied shov intense molecular ions and in all but the spectrum of 
N-trifluoroacetylaniline the molecular ion is also the base peak.
Major ions are also generally exhibited due to CF^ , (M-CF^) and,
+
unlike the alkyl compounds, to (M-COCF^) . A peak of lov intensity 
due to (COCF^) , at m/e 97, vas also shown in the spectra of those 
compounds in which an electron-withdrawing group is in the para 
position to the trifluoroacetamido group. For example the spectrum 
of 4-acetyl-N-trifluoroacetylaniline exhibits an ion at m/e 97.
The report on aryl trifluoroacetates shows that the behaviour of
O-trifluoroacetyl derivatives differs markedly from the corresponding 
N-trifluoroacetyl derivatives. It was shown that whereas the aryl 
trifluoroacetamides exhibit several ions in which the positive charge 
is retained on the nitrogen atom, the mass spectra of the aryl tri- 
fluoroacetates indicates that loss of CO and other oxygen containing 
fragments predominate. Thus ions due to loss of CO , COCF^*, and 
(CO + COCF^*) from the molecular ion appeared in the breakdown of most 
of the compounds studied.
The publication of Zeman and Wirotama, ^  to which reference 
has already been made, reported the mass spectra of the trifluoroacetyl 
derivatives of a variety of aliphatic and aromatic amines. The frag­
mentation of these compounds upon electron-impact was also discussed 
and the mechanisms suggested were essentially the same as proposed by 
Saxby.
60
In 1971, Koenig et a l . reported on the mass spectra of the
trifluoroacetyl derivatives of nucleosides and hydrosylates of deoxy­
ribonucleic acid. Many of the major ions exhibited were formed by
-15-
similar processes to those described by Saxby, and by Zeman and 
Wirotama for the fragmentation of more simple amine derivatives. For
-J- 4.
example all of the compounds exhibited ions due to (CF^) and (M-CF^) 
and many of the compounds exhibited an (M-COCF^)*^ ion. The spectra 
of 0-trifluoroacetyl derivatives showed an ion due to loss of CF^CO^- 
from the molecular ion. Most of the compounds studied exhibited an 
ion of low intensity due to loss of fluorine from the molecular ion, 
a breakdown process not previously observed for trifluoroacetyl 
derivatives.
61
A recent publication by Cho et al. reported the mass spectra
of the trifluoroacetyl derivative of amphetamine and several deuterium
substituted amphetamines. The base peak in the spectra of all the
derivatives is due to the fragment from C a- C p  bond cleavage of the
side chain. Two possible fragments can be formed by C a - C p £ond
cleavage of the amphetamine molecule since there is a methyl group on
the a-carbon atom. It was shown, however, that the most intense ion
62
is invariably formed by loss of the larger group. Kamei et al. 
have also recently studied the mass spectra of the perfluoroacyl 
(trifluoroacetyl, pentafluoropropionyl and heptafluorobutyryl) deriva­
tives of amphetamine, methylamphetamine, ethylamphetamine and other 
related compounds. The most abundant fragment from most of these 
compounds was again found to be formed by C a - C p bond cleavage of 
the molecular ion resulting in the loss of an alkyl radical. Another 
important breakdown was found to be C a - C p bond cleavage with 
hydrogen transfer which results in the loss of an alkene from the 
molecular ion. The mass spectra of all of the derivatives studied 
exhibited a molecular ion of very low abundance, but fragments were
•f" -J-
usually seen corresponding to CF^ and (M-CF^) .
A survey has been made of the available literature and no
-16-
references to the fragmentation of perfluorobenzoyl derivatives of 
amines under electron impact could be found. Ehrsson and Mellstrom 
prepared the perfluorobenzoyl derivatives of various amides in order 
to study their response to electron-capture and flame ionisation 
detectors, but did not record their mass spectra.
-17-
I CHAPTER 2
Experimental
Most of the materials used in the methods described were obtained 
from Fisons Ltd. or B.D.H. Ltd. ¥here this is not the case the supplier 
is given in brackets after the compound concerned. Materials were 
generally used without any further purification. In all cases where 
it is mentioned that pre-dried solvents were used, the drying agent 
employed was molecular sieve type 4A. In all of the syntheses described 
the final product was converted to a more volatile derivative (i.e. 
trifluoroacetyl) for analysis by gas chromatography and mass spectrometry. 
All analyses of food extracts were carried out on a Perkin-Elmer Fll 
gas chromatograph, fitted with flame ionisation detector, operating 
from 50°C - 180°C at 5°C/min. with nitrogen as carrier gas at a flow 
rate of 8 ml./min. Combined gas chromatography - mass spectrometry 
analyses were made with helium as carrier gas at a flow rate of 12 ml./ 
min. The mass spectrometer used was a Hitachi-Perkin-Elmer R.MU.7L. 
double focussing instrument connected to the gas chromatograph through 
a Biemann-Yatson separator operating at 180°C. Low resolution mass
spectra were obtained at 70 eV. with a source temperature of 180°C 
and high resolution data were obtained with a conventional peak- 
matching device. The high-pressure liquid chromatograph employed 
was a Perkin-Elmer 1250 model fitted with an ultra-violet adsorption 
detector operating at 254 nm. The two columns available (500 mm. x 
2.1 mm. i.d.) were packed with (a) an ’ether' (permaphase ETH) and 
(b) octadec ylsilane (permaphase ODS) and were both supplied by Du 
Pont Ltd.
-18-
PREPARATION OF TRIFLUOROACETYL DERIVATIVES
Method A
To the amine (approximately lg.) was added dried diethyl ether 
(20 ml.) followed by an excess of trifluoroacetic anhydride (3 ml.). 
After 30 min. at room temperature the excess trifluoroacetic anhydride 
was decomposed with 5M~sodium bicarbonate and shaken .until efferves­
cence ceased. The organic layer was removed and dried over 
anhydrous sodium sulphate. The final product was obtained by re­
moval of the diethyl ether in a rotary evaporator.
Method B
Anhydrous acetonitrile (approximately 5 ml.) was added to the 
amine (approximately 0.5 g.), followed by an. excess of trifluoro- 
acetic anhydride (2 ml.). This reaction was usually complete after 
five minutes at room temperature. If the pure trifluoroacetyl 
derivative was required, the excess trifluoroacetic anhydride and 
acetonitrile were removed either by rotary evaporator or by evapora­
tion in a stream of nitrogen. If gas chromatographic analysis was 
required then a portion of the acetonitrile solution was injected 
directly onto the column.
PREPARATION OF PEBFLUOROBENZOYL DERIVATIVES
The method used is similar to that of Method A for trifluoro­
acetyl derivatives.
An excess of perfluorobenzoyl chloride (2 ml.) was added to the 
amine (0.5g.) in dry diethyl ether (10 ml.). After allowing the 
mixture to stand for approximately 30 min. at room temperature, the 
excess of perfluorobenzoyl chloride was destroyed by addition of 
5M-sodium bicarbonate solution. Yhen further addition of sodium
-19-
bicarbonate solution produced no effervescence, the organic layer 
was removed and dried (Na2S0^). Removal of the diethyl ether by 
rotary evaporator produced the final product.
1-AMINO-N-TRIFLUOROACETYL-l,2,3,4-TETRAHYDRONAPHTHALENE
To a-tetralone (0.5 g.) was added lM-methanolic potassium 
hydroxide (15 ml.) followed by hydroxylamine (1.25 g.) in methanol 
(10 ml.). The mixture was heated at 80°C for 30 min. On cooling 
the mixture was acidified with IN hydrochloric acid and left to stand 
overnight. The mixture was then filtered and the residue dried at 
80°C for hours. The product (0.45 g.) was a white crystalline 
solid (m.p.: 101-102°C, lit.,64 I02-103°C). The product (0.5 g.)
from the above reaction was then reduced with Na/ethanol according to
65 , ,
the method of Davis et al. to yield a yellow liquid (0.25g; 55
yield). The product was then distilled through a short Vigreux 
column (b.p. 120-125°C/20 mm.Hg; lit.,6"* 114°C/lO mm.Hg). The
trifluoroacetyl derivative was prepared according to Method A (page 19). 
The solid product was recrystallised from methanol/water to give 
white needles (m.p. 126-127°C).
2-AMINO-N-TRIFLUOROACETYL-l,2,3,4-TETRAHYDRONAPHTHALENE
2-Amino-l,2,3,4-tetrahydronaphthalene was prepared by the method 
66
of Yaser and Mollering by reduction of 2-aminonaphthalene with 
sodium and n-pentanol. The product was distilled at 20 mm.Hg. pressure 
and the fraction collected at 140-142°C (lit.,66 140-140.5°C).
The trifluoroacetyl derivative of 2-amino-l,2,3,4-tetrahydronaphtha- 
lene was prepared according to Method A (page 19)*
1-AMIN0-N-TRIFLU0R0ACETXL-5,6 ,7 V 8-TE TRAHYDRONAPHTHALENE
A sample of l-amino-5,6 ,7,8-tetrahydronaphthalene (R.N. Emmanuel 
Ltd.) was converted into the corresponding trifluoroacetyl derivative
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according to Method A (page 19)* The product was crystallised from 
methano1-water to give -white needles, m.p. 122-123°C, of 1-amino- 
N-trifluoroacetyl-5,6,7,8-tetrahydronaphthalene (Found: C, 59.4;
H, 5.1; N, 5.65$. re(luires C, 59.3; H, 4.9; N, 5.75$).
2-AMINO-N-TRIFLUOROACETYL-5,6,7,8-TETRAHYDRQNAPHTHALENE 
This was prepared as shown below:
c.h2so4
y
SO„H Na*SO"
CF^CO NH (C0CF3 )20
NaNH.
NH
The tetralin was shaken with alumina before use in order to 
remove any peroxides which may have been formed. Tetralin (10 ml.) 
was cautiously added to concentrated sulphuric acid (5 ml.) and the 
mixture heated under reflux for 30 min. To the hot solution was 
added cold water (300 ml.) followed by enough 5N-sodium hydroxide 
solution to make the mixture alkaline. The mixture was then 
extracted with chloroform (3 x 50 ml.) and the organic layers discarded, 
The aqueous layer was heated to 90°C and sodium chloride added until 
the solution was saturated. On cooling a solid precipitated which 
was filtered off. The weight of crude product collected was 5.8 g. 
(yield 35$).
The product from the above reaction (lg.) was added to an excess 
of molten sodamide and the mixture maintained at this temperature 
(210°C) for 10 min. On cooling, methanol (20 ml.) was added to 
the mixture and left for a few minutes. The solution was acidified 
with lN-hydrochloric acid and evaporated under vacuum to remove the 
methanol. The aqueous layer was then extracted with diethyl ether
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(3 x 50 ml.) and the organic layers discarded. The aqueous phase 
was then made alkaline with 5N-sodium hydroxide solution and ex­
tracted with diethyl ether (3 x 50 ml.). The organic layers were 
combined and dried over anhydrous sodium sulphate before being 
evaporated under vacuum to yield the crude product (O.lg.; yield 10$).
N-TRIFLUOROACETYL-1,2,3,4-TETRAHYDR0-3-METHYLIS0QUIN0LINE
3-Methylisoquinoline (Koch-Light Ltd.; lg.) was dissolved in 
dry ethanol (30ml.) and sodium metal (l.5g.) was then added slowly 
in small lumps to this solution. After all the sodium had been 
added the mixture was allowed to stand for 15 min. and then 1N- 
hydrochloric acid (100 ml.) added. The mixture was extracted with 
diethyl ether (50 ml.) and the organic phase discarded. The 
aqueous phase was made alkaline with lN-sodium hydroxide and then 
extracted with diethyl ether (3 x 50ml.). The organic layers were 
bulked and dried over anhydrous sodium sulphate. Removal of the 
solvent yielded the crude product (0.4g.; yield 40$). This product 
was converted into its trifluoroacetyl derivative by Method A (page
19 ).
N-TRIFLUOROACETYL-1.2,3,4-TETRAHYUR0-4-METHYLIS0QUINOLINE
A sample of 4-methylisoquinoline (instituto di Chimica e di 
Chimica Industriale, Bologna) was converted into its tetrahydro 
derivative by the method described for 3-methylisoquinoline. The 
trifluoroacetyl derivative was prepared by Method A (page 19 ).
N-TRIFLUOROACETYL-1,2,3,4-TETRAHYDR0-1-METHYLIS0QUIN0LINE
A sample of 1-methylisoquinoline (Koch-Light Ltd.) was reduced 
to the tetrahydro derivative as described for 3-methylisoquinoline.
The trifluoroacetyl derivative was prepared as described in Method A 
(page 19 ).
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N-TRIFLUOROACETYL-1,2,3,4-TETRAHYDR0-Z-METHYLIS0QUINOLINE 
Where Z = 5,6,7 and 8 .
A*7
The method used is essentially that of Tyson who prepared
8-bromoisoquinoline from o^-bromobenzaldehyde in 29$ yield. The 
formation of the isoquinoline ring structure is carried out in two 
stages; the first involves a condensation between a tolualdehyde and 
aminoacetaldehyde diethyl acetal producing a Schiff’s base. Cyclisa- 
tion is effected with sulphuric acid (85$) and phosphorus pentoxide 
to yield the isoquinoline. A modification to Tyson’s method was 
made at the cyclisation step. After heating the Schiff's base with 
H2S04/P205 at 160°C for 30 min. the mixture was allowed to cool, 
treated with ice and filtered. According to Tyson the filtrate is 
then extracted with diethyl ether to remove neutral and acidic material. 
At this stage however, an emulsion was formed which could not readily 
be broken. The method was thus repeated with 75$ sulphuric acid 
without the addition of P20^. After heating at 160°C for 30 min. the 
mixture was cooled and then carefully neutralised with 5N-potassium 
hydroxide solution and the mixture extracted with diethyl ether.
Removal of the solvent produced the crude amine; it was purified by 
adding 0.lN-hydrochloric acid (20 ml.) to the crude product and washing 
with diethyl ether (3 x 50 ml.). The aqueous layer was made alkaline 
by addition of lN-sodium hydroxide solution and was extracted with 
diethyl ether (3 x 50 ml.). The organic layers were combined and 
dried over anhydrous sodium sulphate. Removal of the solvent afforded 
the free amine.
By starting with ortho- and para-tolualdeh.ydes, 6- and 8-methyl 
isoquinoline were prepared and using meta-tolualdehyde as starting 
material a mixture of 5- and 7-methylisoquinoline was produced.
Yields of crude product obtained were; 6-methyl-isoquinoline, 49$,
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8-methylisoquinoline, 44$, 5- and 7-methylisoquinolines, 4G$.
The isoquinolines were reduced to the tetrahydroisoquinolines 
by using sodium in ethanol as described on page 22 for 3-methyl 
isoquinoline. Each tetrahydroisoquinoline was then converted into 
its trifluoroacetyl derivative by Method A described on page 19 .
The trifluoroacetyl derivatives were then analysed by gas chromato­
graphy and combined gas chromatography-mass spectrometry so that 
retention times and mass spectra were obtained for comparison with 
the spectra of compounds found in food extracts.
N-TRIFLUOROACETYL-1,2,3,4-TETRAHYPR0-X-METHYLQUIN0LINE 
Where X=2,4,5,6,7 and 8 .
Samples of 2-methyl, 6-methyl and 8-methylquinolines (R.N.
Emmanuel Ltd.), 4-methylquinoline (Fluka Ltd.) and a mixture of 
5-and 7- (30$ 5-methyl to 70$ 7 -methyl) quinolines (Fluka Ltd.) were 
converted into the corresponding tetrahydroisoquinolines by reduction 
with sodium in ethanol as described for 3-methylisoquinoline (page 22 ). 
The reaction mixture was worked-up by addition of lN-hydrochloric acid 
(50 ml.) and extraction with diethyl ether (3 x 50 ml.). The organic 
layers were discarded and the aqueous phase made alkaline by addition 
of lN-sodium hydroxide, which was then extracted with diethyl ether 
(3 x 50 ml.). The organic layers were bulked and dried (Na2S0^). 
Removal of the solvent on a rotary evaporator yielded the crude product. 
The product from each reaction was then treated with trifluoroacetic 
anhydride as described in Method A on page 19 . The trifluoroacetyl 
derivatives were analysed by gas chromatography-mass spectrometry, 
and the retention data, and mass spectra were recorded.
N-TRIFLUOROACETYL-2, 3-DIMETHYLIND0LINE and 2-ETHYL-N-TRIFLU0R0ACETYL- 
INDQLINE
68
According to the method of Yamamoto et al. a mixture of
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2 j3-dimethylindole and 2-ethylindole was prepared from methyl ethyl 
ketone phenylhydrazone with polyphosphoric acid as the cyclising 
agent. The phenyl hydrazone was prepared by condensation of 
phenyl hydrazine and methyl ethyl ketone. Recrystallisation of 
the crude product from petroleum ether (b.p. 40°C - 60°C) produced 
a white crystalline solid in 35$ yield.
The product from the above reaction (0.5g.) was added to a 
mixture of zinc dust (l.5g.) and concentrated hydrochloric acid 
(3.0 ml.) maintained at 80°C. The mixture was kept at this 
temperature for lh. with continuous mechanical stirring. On cooling, 
the reaction mixture was washed with diethyl ether (50 ml.) and the 
organic phase discarded. The aqueous phase was then made alkaline 
by addition of 5N-sodium hydroxide solution and extracted with 
diethyl ether (3 x 50ml.). The organic layers were combined, dried 
(Na2S04 ) and evaporated to yield a brown oil (0.2g.j yield 40$).
The product was treated with trifluoroacetic anhydride as
described in Method A (page 19 ). Analysis of the products by gas
chromatography showed two major peaks in the chromatogram which, by
mass spectrometry, exhibited the expected molecular weight for N-tri—
/
fluoroacetyl-2,3-dimethylindoline and N-trifluoroacetyl-2-ethylindo- 
line. Further analysis by high resolution mass spectrometry charac­
terised the two components.
5-ETHYL-N-TRIFLU0R0ACETYLINI)0LINE
This was prepared according to the reaction scheme shown below:
CH^CH,2
N ^ X I O J
ch3ch2
1 .Zn/H3P04
H COCF
| 2.(CF_C0)90
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5-Ethyl-indole-2-carboxylic acid (4.0g.) was heated with a small
bunsen flame in a pyrex boiling tube. After five minutes the
light brown solid gave a brown oil, which after cooling was extracted
with diethyl ether (3 x 50 ml.). Removal of the solvent produced
the crude product (3.1g.j 76$ yield). An infra-red spectrum of
the reaction product did not show the characteristic peaks of a
carboxylic acid group. The crude product was distilled through a
short Vigreux column and the fraction collected was found to have a
boiling point of 134°C/5mm.Hg. (lit., ^  155-156°C/l7mm.Hg.).
The 5-ethylindole (0.9g.) was reduced to the corresponding
indoline with zinc dust (5g.) and 85$ orthophosphoric acid (80 ml.)
at 80°C. The method used was the same as that of Dolby and
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Gribble who reduced indole to indoline. The crude product
(0.5g.; yield 55$) was treated with trifluoroacetic anhydride 
according to Method A (page 19 ). The solid product was recrystallised 
from methanol - water to yield white plates (m.p. 57-58°C).
N-TRIFLU0R0ACETYL-2-PHENYLPYRR0LIDINE
2-Phenylpyrroline was prepared in a 50$ yield by the method of
71
Craig et al. The product was vacuum distilled through a short
Vigreux column; the fraction b.p. 110°C-115°C/;15mmHg. being collec­
ted (lit.,71 120-130°C/18 mmHg.). '
The product from the above reaction (3g.) was added to a flask 
containing glacial acetic acid (15 ml.) and Adams’ catalyst (PtO^.H^O; 
240 mg.). The flask was then connected to a simple hydrogenation 
apparatus, shown schematically below.
Reaction
vessel
3-way tap. __
Hydrogen cylinder
,, Reservoir of
gas burette ,
water
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The reaction vessel was held in an automatic shaker and agitated 
continually throughout the hydrogenation. After five hours the 
uptake of hydrogen at room temperature and atmospheric pressure was 
650 ml. The theoretical uptake, including approximately 40 ml. of 
hydrogen adsorbed by the catalyst, is 503 ml. At this point the 
hydrogenation was stopped and the mixture filtered. Concentrated 
hydrochloric acid (20 ml.) was added to the filtrate which was then 
washed with diethyl ether (30 ml.) and the organic phase discarded.
The aqueous layer was made basic by addition of 5^-sodium hydroxide 
and then extracted with diethyl ether (3 x 50 ml.). The organic 
layers were, combined, dried over anhydrous sodium sulphate and the 
solvent removed to yield a brown oil (2.8 g.). This product was then 
trifluoroacetylated by Method A (page 19) and analysed using gas- 
chromatography - mass spectrometry. The two major products from 
this reaction were subsequently identified as N-trifluoroacetyl-2- 
phenylpyrrolidine and N-trifluoroacetyl-2-cyclohexylpyrrolidine from 
the mass spectra and high resolution mass spectrometric data.
5-TRIFLXJOROACETOXY-l-METHYL INDOLE
The above compound was. prepared according to the reaction scheme 
shown below:
0S02Ph
-------7*~
1 .jD-toluene
sulphonyl
chloride
2.NaNH2/CH3I
N
OCOCF.
2.(CF3C0)20
CH.
The _p-toluenesulphonyl derivative of 5-hydroxyindole was prepared 
according to the general method given by T i p s o n . 7 2  5-Hydroxyindole 
(0.75 g.) was converted into indole-5-jq-toluenesulphonate (1.3 g.),
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an orange oil, in a yield of 83$.
In a 500 ml. round-bottomed three-necked flask fitted with a
mercury-sealed stirrer, dropping funnel, reflux condenser and calcium 
chloride drying tube was added dried diethyl ether (50 ml.), powdered 
sodamide (0.6g.) and the product from the above reaction (l.2g.). 
Iodomethane (l.45g.) in dried diethyl ether was slowly added and the 
mixture then refluxed for 1.5 hours. After cooling, water (100 ml.) 
was slowly added to the flask.
The organic and aqueous phases were separated and the aqueous
phase further extracted with diethyl ether (20 ml.). The combined
ether extracts were then dried over anhydrous sodium sulphate and the 
solvent removed to yield yellow needle-shaped crystals (0.6g.). A 
yield of 90$ (based on the weight of tosylate used) was achieved which 
corresponds to a yield of 75$ from 5-hydroxyindole. The product was 
recrystallised from diethyl ether - petroleum ether to give pale 
yellow needles, m.p. 107.5°C - 108.5°C.
The trifluoroacetyl derivative of this product was made by 
Method A (page 19 ) with the modification of a drop of 5N-sodium 
hydroxide solution added to the diethyl ether before addition of the 
trifluoroacetic anhydride. The crude product was recrystallised 
from methanol - water to give white plates, m.p. 201 - 202°C.
N-TRIFLUOROACETYL-5-METHOXYINDOIE
A sample of 5-methoxyindole (R.N. Emmanuel Ltd.) was converted 
to the trifluoroacetyl derivative by Method A (page 19 ). The crude 
solid obtained was recrystallised from methanol - water to yield pale 
yellow plates, m.p. 222 - 223°C of N-trifluoroacetyl—5-methoxyindole 
(Found: C, 54.5; H, 3.4; N, 5.7$. ^11^8^2*3 recluires 54.3;
H, 3.3; N, 5.8$).
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N-TRIFLU0R0ACETYL-3-METHIL0XIND0EE
73The method of Endler and Becker vas used for the preparation
of 3-methyl oxindole from phenylhydrazine and propionic anhydride via
2-propionylphenylhydrazine. The product, orange needle crystals had
m.p. 121°C-122°C (lit.,73 122.5°C - 123.5°C).
Preparation of the trifluoroacetyl derivative vas first attempted 
by Method A. Analysis of the product indicated that the trifluoro­
acetyl derivative had not been prepared thus Method B was attempted. 
Analysis by gas chromatography and mass spectrometry indicated that 
N-trifluoroacetyl-3-methyloxindole had been prepared.
N-TRIFLUQROACETTL-3,4-DIHTPR0-2-QX0C>UIN0LINE
This vas prepared according to the reaction scheme shovn belov:
CHur CHC0oH CH ZT CHC0-C_H,
1 .Zn/c.HCl
2.(CF.C0)o0
•NO. ■NO.2
OCF.
Ethyl o-nitrocinnamate (8.0g) vas prepared by esterification
of o^nitrocinnamic acid (10 g.) vith ethanol (3ml.) and concentrated
sulphuric acid (3ml.) at 70-80°C. After cooling, the mixture vas
made basic vith 5N-sodium hydroxide solution and extracted vith
diethyl ether (3 x 50 ml.). Removal of the solvent yielded the crude
product vhich vas recrystallised from diethyl ether - petroleum ether
$3.p. 40-60°C)to give yellov needles, m.p. 43°C (lit., 7^ 44°C).
75The method of FriedlRnder and "Weinberg, vas used to prepare
3,4 dihydro-2-oxoquinoline by reduction of ethyl o_-nitrocinnamate 
(l";5g.) vith zinc dust (l.5g.) and concentrated hydrochloric acid (10ml.). 
The crude product vas recrystallised from ethanol to give pale yellov
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crystals (0.8g.; yield 80$) m.p. 164-165°C (lit.,7^ 165-166°C).
The trifluoroacetyl derivative of the product from the above 
reaction vas prepared in tvo vays; first by Method A, second vith
addition of a fev drops of 5N-aqueous sodium hydroxide to the solution
of the amine in diethyl ether before addition of the trifluoroacetic 
anhydride. Analysis of the products by gas chromatography and mass
spectrometry shoved that the product vas the same from each reaction,
having the correct molecular veight for N-trifluoroacety1-3,4-dihydro-
2-oxoquinoline.
N-TRIFLU0R0ACETYL-2.3-DIHYDRO-4-0X0QUINOLINE
1.2.3.4-Tetrahydro-4-oxoquinoline (3g.) vas prepared by the method 
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of Collins from (3-(N-toluene-p-sulphonyl)-anilinopropionic acid, 
in a yield of 85$ of the theoretical. By Method A (page 19 ) the 
trifluoroacetyl derivative of this compound vas prepared and the 
product analysed by gas chromatography and mass spectrometry, vhich 
shoved only one component to be present vith the expected molecular 
veight for N-trifluoroacetyl-2,3-dihydro-4-oxoquinoline.
4-TRIFLU0R0ACET0XY-1,2-DIHYDROQUINOLINE
1.2.3.4-Tetrahydro-4-oxoquinoline vas prepared as above and 
reacted vith trifluoroacetic anhydride vith a slight modification 
of Method A. A fev drops of 5N-sodium hydroxide vas added to the 
solution of the amine in diethyl ether before addition of trifluoro­
acetic anhydride. The product vas then vorked up as described in 
Method A.
The tvo major products vere analysed by mass spectrometry and 
identified by their mass spectra and high resolution data as 2,3- 
dihydro-N-trifluoroacetyl-4-oxoquinoline and 1 ,2-dihydro-4-trifluoro- 
acetoxyquinoline .
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N-TRIFLU0R0ACETYL-3-PHENYL-2-AZETIDIN0NE
3-Phenyl-2-azetidinone (O.lg.) vas prepared using the method 
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of Testa et al. The product, a yellow solid, vas recrystallised
from benzene — petroleum ether (b.p. 40-60°C) to produce fine yellov 
needles, m.p. 114-115°C, (lit., 78 115-116°C).
A portion of this product vas then treated vith trifluoroacetic 
anhydride as described in Method A. Analysis by mass spectrometry 
shoved that the trifluoroacetyl derivative had not been formed, thus 
the derivatisation vas further attempted vith Method B (page 19). 
Analysis of the products from this reaction shoved that N-trifluoro- 
acetyl-3-phenyl-2-azetidinone vas prepared using Method B.
N-TRIFLUOROACETYL-3-METHYLPHTHALIMIDINE
3-Methylphthalimidine vas prepared in an 11$ yield by the method 
79
of Gabriel and Neumann. The crude product vas recrystallised
from petroleum ether (b.p. 40-60°C) — ethyl acetate to give colourless 
plates m.p. 110-111°C, (lit., 110-111°C). The trifluoroacetyl
derivative vas prepared by Method A. Analysis by gas chromatography 
and mass spectrometry shoved that the trifluoroacetyl derivative had 
not been prepared, method B vas then attempted and further analysis 
shoved that the N-trifluoroacetyl derivative had been formed.
N-TRIFLUOROACETYL-2-IS OPROPYLPYRBOLIDINE
gO
By the method of Skell and Bean, 2-isopropylpyrrole vas
prepared in a yield of 15$, from pyrrole and isopropyliodide.
The product from the above reaction (3.2g.) vas added to a flask 
containing glacial acetic acid (16ml.) and Adam's catalyst, PtO^.H^O, 
(256mg.). The flask vas then connected to the hydrogenation apparatus 
as described for the preparation of 2-phenylpyrrolidine (page 26 ). 
After 7h. the reaction vas stopped vith an uptake of hydrogen, at
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atmospheric pressure and room temperature, of 1290 ml. The 
theoretical uptake of hydrogen for the reaction vas 1340 ml.
(including approximately 40 ml. of hydrogen absorbed by the catalyst). 
The reaction mixture vas filtered and concentrated hydrochloric acid 
(20 ml.) added to the filtrate, vhich vas then shaken vith diethyl 
ether (30ml.) and the organic layer discarded. The aqueous layer 
vas made alkaline vith 5N-sodium hydroxide and extracted vith diethyl 
ether (3 x 50 ml.). The organic layers vere combined and dried over 
anhydrous sodium sulphate. Removal of the solvent produced a yellov 
oil (3.2g.; 10$ yield from pyrrole).
The trifluoroacetyl derivative of 2-isopropylpyrrolidine vas 
prepared using Method A.
REDUCTION OF N-TRIFLUOROACETTL DERIVATIVES -
0"|
Weygand and Frauendorfer have recently reported a method
for conversion of the trifluoroacetyl derivatives of peptides to the 
parent amines by a reductive cleavage vith sodium borohydride.
This method is nov applied to the conversion of simple amine tri- . 
fluoroacetamides.
To a solution of N-trifluoroacetylindoline (0.142g.) in dried 
ethanol (5ml.) vas added finely crushed sodium borohydride (0.106g.). 
The reaction mixture vas cooled for the first fev minutes and then 
stirred at room temperature for 1 hour. During this time the sus­
pended solid gradually vent into solution. Excess sodium borohydride 
vas destroyed by addition of acetone (5ml.) folloved by stirring and 
cooling for 15 min. The solvent vas then removed using a rotary 
evaporator. To the residue vas added vater (10ml.) and the mixture 
then extracted vith ethyl acetate (3 x 15 ml.). The organic layers 
vere combined and dried over anhydrous sodium sulphate. Removal of 
the solvent yielded a yellov oil (0.07g.; yield 89$). The product
«”»32—
vas analysed by gas chromatography vhich shoved it to consist of 
one component, having a retention time identical to that of pure 
indoline.
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CHAPTER 3
DISCUSSION
3 i Introduction
Several different types of food have been analysed for primary
82
and secondary amines by the general extraction procedure of Chaytor.
It involved maceration of the foodstuff in a two-phase mixture 
of aqueous 4M-sodium bicarbonate and a mixture of organic solvents 
(usually isopropanol and dichloromethane). The amines were removed 
from the organic phase by percolation through an ion-exchange column 
and were then eluted as amine hydrochlorides with dilute hydrochloric 
acid. In order to facilitate analysis of the extracts by gas chroma­
tography and combined gas chromatography - mass spectrometry (G.C.M.S.), 
the amine hydrochlorides were first converted into trifluoroacetyl 
derivatives by Method A, described on page 19 . The foods extracted 
and analysed by this procedure were; several different types of bitter 
chocolate, cheeses, roast beef, roast chicken, roast pork, madeira 
wine, port wine, baked beans and yoghurt.
3 ii Experimental Conditions
The initial analyses of mixtures of trifluoroacetylated amines 
from various food extracts were carried out by gas chromatography. 
Analysis was first attempted with conventional packed columns (2m. x 
2mm., i.d.) containing a variety of liquid phases e.g. Carbowax 20M, 
diethylene glycol adipate (D.E.G.A.), OV-17 and Apiezon 'L1. Figure 
1 shows a typical chromatogram of a cheese extract on a packed 
,D.E.G.A., column. The Inroad, poorly shaped peaks are indicative 
of the lack of selectivity of the column. It was considered that 
the wide peaks contained groups of compounds rather than individual 
components and this hypothesis was confirmed when the same food
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2-phenyIethylamine
C o m p o u n d  A
C o m p o u n d  B 
<* pyrrolidine
Retention time (min)
Fig. 1. Chromatogram o f a cheese extract on a packed column
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extract was chromatographed on a support-coated open tubuiar 
(S.C.O.T.) column (50 ft. x 0.03 in. i.d.) which is known to have a 
higher resolving power than a conventional packed column. Figure 2 
shows the chromatogram of the same cheese extract on a S.C.O.T. 
column containing diethylene glycol succinate (D.E.G.S.); the sharp 
peaks obtained are in direct contrast to the shape of the peaks from 
a packed column. Since a food extract contains compounds of varying 
volatility it was decided to programme the temperature of the column 
rather than to run it isothermally. This results in a gradual 
elution of compounds of decreasing volatility whereas running at a 
fixed temperature would need two separate injections for a complete 
analysisj one at a low temperature in order to separate the volatile 
constituents, then at a higher temperature for the less volatile 
compounds. Thus the temperature of the column when the sample is 
injected is 50°C and the oven containing the column is programmed to 
rise at 5°C per minute up to 180°C, after injection.
In order to obtain mass spectra of the components in a food 
extract, a sample of the mixture of trifluoroacetylated amines must 
be analysed by a gas chromatograph linked to a mass spectrometer.
Owing to the low pressure operating conditions of a mass spectrometer, 
the link between a gas chromatograph and a mass spectrometer requires 
an interface which allows only the sample into the mass spectrometer, 
rather than sample plus carrier gas. Thus the interface must remove 
the carrier gas but not the sample. The interface used in this case 
is a Biemann-Watson separator, which consists of a fritted glass tube 
housed in an evacuation chamber. The effluent from the gas chromato­
graph enters the tube through a constriction which reduces the pressure 
enabling molecular flow to be set up through the wall of the fritted 
glass tube. The carrier gas is preferentially removed through the
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pyrrolidineCompound A
2-phenylethylamine
0102030
Retention time (m i n )
Fig. 2. Chromatogram o f  a cheese extract on a capillary column
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small pores in the fritted glass, leaving the residual gas, mainly 
sample, to continue through an exit constriction into the mass 
spectrometer. This type of separator requires helium as carrier gas 
since the molecules of nitrogen (the gas generally used as carrier in 
gas chromatography) do not readily diffuse through the pores of the 
fritted glass. Due to the vacuum pumping system of the mass spectro­
meter there is a fixed rate at which helium is sucked into the separator; 
thus if the flow rate of the carrier gas through the column is below 
this, air will be sucked into the separator to make up the difference. 
Since air is much less easily removed through the fritted glass than 
helium, much of the air would pass into the mass spectrometer causing
the pressure to increase to a level at which the instrument could not 
—•5be used ( 10 mm.Hg.). In practice a minimum flow rate of 10-12ml./min.
of helium through the column is necessary in order to preclude the 
possibility of air entering the mass spectrometer. This minimum flow 
rate is, however, higher than the optimum flow rate of a S.C.O.T. 
column (i.e. the flow rate at which maximum separation of components 
is obtained), which is of the order of 3 - 4 ml./min. Thus all 
G.C.M.S. analyses using a S.C.O.T. column resulted in a slight loss 
of selectivity compared to the straight forward gas chromatographic 
analysis using a flow rate closer to the optimum flow rate for the 
column.
The loss of resolution does not seriously affect the analysis 
since individual mass spectra can be obtained on components separated 
by 20 - 30 seconds elution time and the peaks obtained on the chromato­
gram are generally separated by at least this interval of time. The 
minimum flow rate excluded any attempt to use surface-coated capillary 
columns (Golay columns) for any G.C.M.S. analysis since they are 
restricted to carrier gas flow rates of 1 - 2 ml./min.
3 iii Chromatograms of Natural Extracts
A variety of foods have been analysed but work has concentrated 
on different cheeses and bitter chocolates which are the two most 
common foods cited by dietary migraine sufferers as precipitating 
headaches. Certain wines, roast beef and baked beans are also 
thought to trigger migraine headaches; thus samples of these have 
also been analysed. A sample of yogurt, which does not potentiate 
headaches, was extracted in order to obtain a comparison between 
foods causing and not causing migraine. Yogurt was chosen since it 
undergoes a fermentation process similar to cheese and chocolate.
Two samples of roasted de-husked cocoa beans have been extracted in 
order to gain information on the components present before chocolate 
manufacture.
The most common components found in the foods analysed are 
Compounds A, B andpyrrolidine. 2-Phenylethylamine has been 
detected in many of the foods although usually at lower levels than 
Compound A, Compound B and pyrrolidine. Some of the foods (mainly 
chocolates) have been found to contain iso-pentylamine in minor 
amounts and in most of the foods trace amounts of ammonia have been 
detected. Although many other components have been found in the 
food extracts, they are generally peculiar to a certain type of food 
and usually found in minor amounts. There are exceptions to this; 
for example the baked beans extract was found to contain two major 
components both of which had not been found in any other food. 
Similarly the major component in the sample of roast chicken had not 
been detected in any other foodstuff.
In order to avoid confusion and make the section simpler, the 
discussion on the composition of the food extracts has been limited 
to a comparison of the presence and levels of the most common
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constituents i.e. Compound A, Compound B, pyrrolidine, 2-phenylethyl- 
amine and iso-pentylamine. Table 1 is a summary of the results 
shoving the composition of the foods analysed. A complete list of 
the composition of the food extracts vhich includes the minor and
unusual components is given in Appendix 1.
The figures given in Table 1 refer to the total level of compounds 
extracted from the food based on the veight of the final extract 
compared to the veight of sample taken. An estimate of the percen­
tage recovery of amines from the extraction procedure used, vas. made 
by adding a knovn veight of 2-phenylethylamine to vater and taking this 
through the extraction procedure; a recovery of approximately 40$ of 
the amine vas found. Since it vas impractical to do recovery 
experiments on every component in the food extracts (as many of the
components are unidentified), the figure of 40$ vas taken as an
average for the vhole range of compounds in the various extracts.
The veight of the final extract from each food vas therefore adjusted 
by a factor of 100/40 in order to obtain the figure for total amine 
content. Clearly the figures are approximate and little emphasis 
can be placed on the level obtained for individual foodstuffs. Hov- 
ever the figures are useful vhen used to compare the levels found in 
different foods. Other difficulties arise vhen calculating the total 
amine content in that some compounds are poorly extracted vith the
method used. For example, some vorkers have reported high levels of
IT 83tyramine in cheeses. 1 According to the nevly developed procedure, 
incomplete extraction of tyramine occurs leading to a lov recovery 
for this particular amine. Controlled experiments shoved that the 
recovery is approximately 5$. The lov recovery of tyramine and 
possibly also related phenolic/catecholamine type compounds may lead 
to lov values for total amine content in foods such as cheeses if
-40-
Table 1
The distribution of major components and the total amine content of 
the foods analysed.
Sample Levels of total 
amine (ppm)
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Chocolate:
Manufacturer A,
Plain chocolate 2000 ++ + + + -
Manufacturer B, 
Plain chocolate 1 200 ++ ++ + +
Plain chocolate 2 700 ++ ++ ++ + +
Plain chocolate 3 500 ++ ++ ++ + +
Plain chocolate 4 700 ++ ++ ++ ++ +
Roasted cocoa-beans - 900 ++ ++ ++ + +
Manufacturer C, 
Plain chocolate 350 ++ ++ ++ + ++
Dutched roasted cocoa beans 150 -H- ++ ++ ++ +
Cheese:
English Cheddar 4000 + ++ ++ — - .
Cheshire 9000 + ++ ++ ++ -
Canadian Cheddar 4000 ++ ++ - —
Toasted Canadian Cheddar 4000 ++ ++ ++ - -
Edam --- ++ ++ ++ *H" .
Aseptic — ++ ++ ++ - - -
Wine:
Madeira (Manufacturer D) 100 — — — + —
Madeira (Manufacturer E) 50 + — - + —
Port (Manufacturer D) 100 - - ■ - + -
Roast meat:
Chicken 50 — — — — —
Beef 200 ++ + + - -
Pork 50 - - - - -
Baked beans 200 + + + - -
Yoghurt 5° - - - - -
++ major component
+ minor component ( < 7  largest peak) 
- apparently absent
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these amines are present in large amounts. Another problem arises 
from the presence of tertiary amines e.g. purines, pyrazines etc. 
which do not form substituted trifluoroacetamides. Since tertiary 
amines give poor peak shapes when chromatographed on the columns 
generally used for food extracts, they are seen only as a base-line 
rise on the g.c. profile, (e.g. see Figure 3 from a chocolate extract).
Bitter chocolate extracts
Six samples of bitter chocolate have been extracted and analysed; from 
Manufacturer A, four batches of chocolate from Manufacturer B and 
Manufacturer C. Figure 3 illustrates a chromatogram from the third 
batch of chocolate from Manufacturer B. This is typical for all of 
the samples from this source with the major components being Compound 
A, Compound B and pyrrolidine. The relative proportions of the 
major components are the same in all batches with Compound A present 
in larger amounts. Slight differences between the four batches occur 
in the levels of minor components. The fourth batch of chocolate 
from Manufacturer B contained more isopentylamine and 2-phenylethylamine 
than any other and in fact the 2-phenylethylamine peak was approximately 
the same height as the peak from Compound B and pyrrolidine. The 
reason for the increased amounts of these components in the fourth 
batch is not known. In the other three samples 2-phenylethylamine 
and pyrrolidine are minor components compared to Compound A. This 
is shown in Figure 3 where the relative heights of the peaks due to 
isopentylamine and 2-phenylethylamine compared to the peak from 
Compound A is typical for the first three batches. The total amine 
content for the four chocolates are fairly similar with the first 
batch having a somewhat lower figure than the other three. The 
figures are: 1st batch, 200 ppm; 2nd, 700 ppm; 3rd, 500 ppm;
4th, 700 ppm.
-42-
Compound A Compound B 
+ pyrrolidine
Isopentylamine
2- phenylethylamine
30 20 10
Retention time (min)
Fig. 3. Chromatogram of an extract o f chocolate (Manufacturer B.
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The bitter chocolate from Manufacturer C produced a gas 
chromatographic profile similar to that found for Manufacturer B ’s 
samples, vith Compound A, Compound B and pyrrolidine as the major 
components. An unusual feature of this sample vas the high level 
of isopentylamine compared to the four batches of chocolate from 
Manufacturer B. The level of isopentylamine in this sample vas of 
the same order as pyrrolidine and Compound B vhich is much higher 
than any of the Manufacturer B's samples. 2-Phenylethylamine vas 
found in an amount similar to the first three samples of chocolate 
from Manufacturer B. Thus the relative height of the 2-phenylethyl­
amine and Compound A peaks from Manufacturer A's chocolate is similar 
to that shovn in Figure 3. The total amine content vas approximately 
350 ppm vhich is of the same order as that found for chocolate from 
the other commercial sources.
The extract of bitter chocolate from Manufacturer A produced a 
chromatogram dissimilar to the other chocolates analysed. The main 
difference lay in the fact that the total amine content vas approxi­
mately 2000 ppm, of vhich Compound A makes up the bulk of the extract. 
Compound B and pyrrolidine are present in only minor amounts compared 
to Compound A. Isopentylamine vas not found in this chocolate and 
only trace quantities of 2-phenylethylamine vere present. The 
chromatogram of the extract from Manufacturer A ’s chocolate is shovn 
in Figure 4. By comparison vith Figure 3 it can be seen that this 
chocolate produces a much cleaner extract than the chocolate from 
Manufacturer B. Thus all the minor and trace components extracted 
from the latter type of chocolate shov up on the chromatogram as the 
small peaks betveen the major components, vhereas the chocolate from 
Manufacturer A contains very fev of these trace components and so the 
chromatogram is much simpler.
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Compound B 
+ pyrrolidine2-phenylethylamine
Retention time (min)
Fig. 4. Chromatogram of an extract of chocolate (M anufacturer A)
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An extraction was made on a sample of cocoa-nibs (roasted 
de-husked cocoa beans) used by Manufacturer B, in an attempt to 
provide information on the distribution of amines in the bean before 
chocolate manufacture. The gas chromatographic profile obtained was 
very similar to those obtained for the four extracts from samples of 
the finished chocolate. The most abundant component was again 
Compound A with Compound B and pyrrolidine also major components.
The relative amounts of Compound A, pyrrolidine and Compound B were 
similar to that found for the commercial chocolate (illustrated in 
Figure 3). 2-Phenylethylamine and isopentylamine were found to be 
present in quantities similar to those found for the first three 
batches of chocolate from Manufacturer B i.e. approximately equal 
amounts of each but both in much smaller quantities than Compound A. 
The main difference between the cocoa beans and chocolate was in 
the high total amine content found for the beans, approximately 
900 ppm. It is likely that the smaller amounts found in the finished 
chocolate are due to ’dilution' caused by the addition of various 
ingredients during manufacture.
Certain types of continental bitter chocolate are produced from 
cocoa nibs which have been treated with alkali (Dutching). A sample 
of these nibs was also investigated and yielded a total amine content 
of approximately 150-200 ppm. The chromatogram obtained from the 
'Dutched' nibs was similar to that found for the cocoa-beans used by 
Manufacturer B, with the major difference being a higher level of 
2-phenylethylamine than previously found. The other major components 
found were Compound A, B and pyrrolidine with isopentylamine present 
in minor amounts.
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Cheese extracts
Six different types of cheese have been extracted and analysed: 
mild English cheddar, Cheshire, Canadian cheddar, toasted Canadian 
cheddar, Edam and an 'aseptic* cheese prepared by a specific bacterial 
culture (streptococcus cremoris) at the National Institute for Research 
into Dairying, at Reading.
Figure 5 shows a chromatogram from an extract of Canadian cheddar 
cheese. This type of profile is similar to that found for most of 
the cheese products. The cheese extracts were in some respects 
similar to the chocolates in that Compound A, Compound B and pyrroli­
dine were the most commonly found constituents. Unlike the chocolates, 
however none of the cheeses extracted were found to contain isopentyl- 
amine and only two cheeses of the six analysed contained 2-phenylethyl­
amine in detectable levels. The total amine content for cheese was, 
on average, much higher than for the chocolates.
The largest peak in the chromatogram of the extract from Cheshire 
cheese was the one due to Compound B and pyrrolidine. Unlike many 
of the chocolates analysed, Compound A was present in a smaller 
quantity than Compound B and pyrrolidine, although the peak on the 
chromatogram due to Compound A was still larger than the general level 
of minor components. An unusual feature of this cheese was the 
exceptionally high level of 2-phenylethylamine found, in fact the 
2—phenylethylamine peak on the chromatogram was almost large as that 
due to Compound B and pyrrolidine. The high level of this component 
is unusual since many of the cheeses contained no 2-phenylethylamine.
The total amine content for this cheese was found to be very high 
$000 ppm) compared to other cheeses and to the chocolates analysed.
Extraction and analysis of a mild English cheddar cheese produced 
a chromatogram very similar to that from the Canadian cheddar extract 
shown in Figure 5. Compound B and pyrrolidine were the largest
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Compound A
Compound B 
+ pyrrolidine
Retention time (min)
*
Fig. 5. Chromatogram o f an extract o f  Canadian cheddar cheese
peaks, vith the peak from Compound A only slightly smaller. Unlike 
the sample of Cheshire cheese analysed, 2-phenylethylamine vas not 
found in English cheddar. The total amine content, approximately 
4000 ppm, vas much lover than the Cheshire cheese, although it is 
vorth noting that this value is still much higher than found for any 
of the chocolates analysed.
The chromatogram of the extract from Canadian cheddar is s h o w  
in Eigure 5. The major constituent vas found to be Compound A 
although the peak due to Compound B and pyrrolidine vas only slightly 
smaller. As vith the English cheddar, no 2-phenylethylamine vas 
detected in this sample. The total level of amines vas found to be 
lover than any of the other cheeses at approximately 2000 ppm, vhich 
is about the same level as the maximum figure found in any of the 
chocolates.
It has been reported that some dietary migraine sufferers find 
toasted cheese a strong potentiator of headaches. Therefore a 
sample of the Canadian cheddar, toasted under a grill for about ten 
minutes until the sample started to brow, vas extracted and analysed 
by the standard procedure to compare the results obtained vith those 
of the non-toasted sample. No nev peaks appeared in the chromato­
gram compared to the non-toasted sample, but the levels of some of 
the minor components had decreased relative to others. A minor peak 
found in the non-toasted sample had disappeared from the extract of 
the toasted sample. The decrease in level of some of the components 
vas probably due to loss from .vaporisation, although the change in 
peak ratios vas not restricted to the more volatile components.of the 
extract, vhich vould be expected if evaporation vas the only factor 
involved. The total amine content of the toasted sample (4000 ppm) 
vas found to have approximately doubled compared to the non-toasted
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extract. Thus the levels of some of the components had increased, 
which may have been caused by thermal degradation.
, In common with most of the cheeses extracted, the Edam extract 
produced a chromatogram in which the major constituents were Compound 
A, Compound B and pyrrolidine. The largest peak in the chromatogram 
was for Compound B and pyrrolidine with the peak due to Compound A 
somewhat smaller. 2-Phenylethylamine, absent from many of the 
cheeses, was found as a major component in this sample of Edam cheese. 
Thus only Cheshire and Edam cheeses have been found to contain 2- 
phenylethylamine. One reason for this could be that bothcf these 
cheeses had been stored (at 2°C) for approximately one year before 
being extracted and analysed whereas all the other cheeses were 
relatively fresh when extracted. In order to test this hypothesis, 
three further analyses were obtained; (a) on an extract of a fresh 
Edam cheese, (b) on an extract of an Edam cheese stored for one year 
and (c) on a sample of the same cheese stored two years. The results 
indicated quite clearly that the amount of 2-phenylethylamine in the 
cheese increases with the age of the cheese. Figure 6 shows the size 
of the 2-phenylethylamine peak compared to the peak due to Compound A 
from each Edam cheese extract. Thus in the fresh sample, 2-phenyl­
ethylamine is a minor component but the 2-phenylethylamine peak is 
almost as large as the peak from Compound A in the one year old 
sample. In the extract from the two year old sample the level of 
2-phenylethylamine had sufficiently increased to make the peak in 
the chromatogram larger than that due to Compound A.
The 'aseptic* cheese when extracted and analysed was found to 
contain the usual components of a cheese extract. The peaks due to 
Compound A, Compound B and pyrrolidine were of approximately the 
same height and there was a complete absence of 2-phenylethylamine.
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2-phenylethylamine.
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2- phenyl- 
ethylamine
\
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C o m p o u n d  A
2 - phenylethylamine .
--Compound A
J
-Compound A
\
Fresh 1 year old 2 years old
Fig. 6. The effect o f storage time on the level o f  2 - phenyl- 
ethylamine in Edam cheese
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Differences in the 'aseptic* cheese compared to normal cheese were 
in the minor components, these were found to be much less varied in 
the 'aseptic' cheese extract.
¥ine extracts
Cheese and chocolate have been cited as the most common foods 
which cause migraine headaches, however a certain number of people 
maintain that alcoholic drinks particularly heavy red wines also 
precipitate headaches and for this reason the latter products were 
also extracted and analysed. The wines extracted were: a Madeira 
wine (Manufacturer D), Madeira wine (Manufacturer E) and a Port 
wine (Manufacturer D).
Analysis of the wine extracts produced considerably different 
chromatograms than from the cheeses and chocolates. The major 
components i.e. Compounds A, B and pyrrolidine were not generally 
found to be present and the wine extracts did not contain the large 
variety of trace components evident in all chocolates and most 
cheeses. Isopentylamine,found in all chocolates analysed, was not
detected in any of the wines, although 2-phenylethylamine was found 
to be present in trace amounts in all three samples. Thus the 
three different wine samples produced chromatograms similar to each 
other. Madeira wine (Manufacturer E) was found to contain Compound 
A, but only in a trace amount and none of the wines contained Compound 
B or pyrrolidine. Compared to the chocolates and especially the 
cheeses, the total amine contents of the wine samples were extremely 
low i.e. Madeira (Manufacturer D) approximately 100 ppm, Madeira 
(Manufacturer E) 50 ppm and Port (Manufacturer D) 50ppm. Clearly 
the low total amine content of the wines made identification of trace 
components in the extracts very difficult. The chromatograms from 
all three wines contained very small peaks around the normal
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retention times of Compound A, Compound B and pyrrolidine, which were 
not intense enough for mass spectrometric analysis and identification.
Roast meat extracts
Three roasted meats were extracted and analysed; beef, pork and 
chicken. The chromatogram obtained by analysis of the roast beef 
extract is shown in Figure 7. The gas chromatographic profile from 
roast beef shows some similarities to the profiles from cheese and 
chocolate (c.f. Figures 5 and 4), but is generally much simpler and 
does not contain the variety of trace components found in the chocoktes 
and cheeses. Compound A represents the largest single peak in the 
chromatogram and none of the other components is present at levels 
comparable with this compound. The composite peak of Compound B 
and pyrrolidine is the second largest in the chromatogram but it is 
not much greater than those from other trace components found in the 
extract. 2-Phenylethylamine and isopentylamine were not found in 
the roast beef extract. The total amine content was approximately 
200 ppm which is about the same level as found for one of the 
chocolates, but generally slightly lower than the levels found in 
most chocolates and much lower than in any of the cheeses.
The roast chicken and pork samples produced very small amounts 
of extract and in each case the total amine content was less than 
50 ppm. None of the compounds found in the other foods extracted 
were detected although as explained for the wines, many of the peaks 
on the chromatograms were too small for definitive mass spectra to 
be obtained.
Baked beans extract
The extract from a sample of baked beans produced a chromatogram 
unlike that seen for other foods. The two major components were
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Fig. 7. Chromatogram of.an extract o f  roast beef
compounds -which had not previously been found in any other previously 
analysed food. Both compounds were of fairly high molecular weight 
and neither was readily identifiable from their mass spectra. Com­
pound A was found in baked beans but in a relatively smaller amount 
and a very small peak due to Compound B and pyrrolidine was present. 
2-Phenylethylamine and isopentylamine were not detected, although a 
peak was evident at the correct retention time for 2-phenylethylamine 
but was too small for a mass spectrum to be recorded. The total 
amine content was approximately 200 ppm which is about the same level 
as found for one of the chocolates.
Yogurt extract
A sample of natural, low fat yogurt was extracted and analysed. 
The chromatogram produced was unlike that of any other foodstuff 
with none of the major components of those foods present in detec­
table levels. The level of amines was very low, i.e. less than 
50 ppm.
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3 iv. Synthetic Chemistry
.As discussed in the previous section, Compound A was often 
found to be the major component in many of the foods analysed and 
for this reason considerable effort has been directed towards the 
identification of this compound. By injection of various standard 
trifluoroacetylated amines onto a gas chromatograph under the same 
conditions as the derivatised food extract, it was found that N- 
trifluoroacetyl-benzylamine has an identical retention time to 
Compound A. Analysis of food extracts by G-.C.M.S. produced a mass 
spectrum of Compound A, which exhibited an ion of highest mass at 
m/e_ 243, which corresponds to a molecular weight of 147 for the free 
amine. This precludes any possibility that the unknown compound is 
benzylamine (molecular weight 107). With information gained from 
the mass spectrum of Compound A (a more detailed account of which is 
given in Chapter 4i) a series of related amines were synthesised.
1-Amino-N-Trifluoroacetyl-5,6,7,8-tetrahydronaphthalene
Analysis of the product by gas chromatography showed that only 
one component was present. The mass spectrum of this component 
exhibited an ion of highest mass at m/e_ 243 which corresponds to 
the molecular weight of 1-amino-N-trifluoroacetyl-5,6,7,8- 
tetrahydro-naphthalene. '
2-Amino-N-tr if luoroacetyl-5,6,7,8-tetrahyd.r onaphthalene
The methods of synthesis reported in the literature are, in
84
general, difficult and.give rise to poor yields. A simple method
starting from tetralin was successfully devised although this also led 
to a low overall yield. The amine was prepared in two stages:
(a) formation of the sodium salt of tetralin-6-sulphonic acid and
(b) formation of the amine from the sulphonate by fusion with
sodamide. The product from the preparation yielded two components 
by gas chromatography. . The mass spectra of both components exhibited 
an ion of highest mass at m/je 243. The first step in the synthesis 
is probably responsible for the formation of two products since both 
5- and 6-tetralin sulphonic acids could be formed leading to the 
preparation of 1-amino and 2-amino-tetrahydronaphthalenes.
tetralin
5,6,7,8-tetrahydro- 
2-aminonaphthalene
SCLH
+
NaNH.
2 NH.
NHL
+
5,6,7,8-tetra- 
hydro-l-amino- 
naphthalene
The formation of two products is in accordance with the
literature which also indicates that predominately tetralin-6-sulphonic
85
acid should be formed. This was confirmed since the mass spectrum
of the minor component in the reaction product was identical to that 
obtained for 1-amino-N-trifluoroacetyl-5,6,7,8-tetrahydro-naphthalene. 
Hence the major component (approximately 70$ by peak area) was 2- 
amino-N-trifluoroacetyl-5,6,7,8-tetrahydro-naphthalene.
1-Amino-N-trifluoroacetyl-1,2,3,4-tetrahydronaphthalene
Gas chromatographic and G.C.M.S. analysis cfthe derivative 
showed that only one component was present. The ion at highest 
mass inthe spectrum of the component was at m/e 130 which is in 
accordance with an acceptable fragmentation pattern for 1-amino-N- 
trif luoroacetyl-1,2,3,4-tetrahydro-naphthalene (see page 104).
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2-Amino-N-trif luoroacet.yl-1,2,3,4-tetrahydronaphthalene
Analysis of the product by gas chromatography showed that only 
one component was present. The mass spectrum of this component 
did not exhibit a molecular ion at m/ 243. The ion at highest mass 
was at m/e 130, which is consistent with an acceptable fragmentation 
pattern for 2-amino-N-trifruoroacetyl-l,2,3,4-tetrahydro-naphthalene.
In general the mass spectra and retention times of the four amino- 
tetrahydronaphthalene derivatives were dissimilar to those of Compound 
A. Under similar conditions to those used for food extracts, the 
retention times of the amino-tetrahydronaphthalene derivatives were 
found to be longer than found for Compound A. i.e. 1-amino-l,2,3,4- 
tetrahydro derivative; 34min. 2-amino-l,2,3,4-tetrahydro derivative; 
40min. l-amino-5,6,7,8-tetrahydro derivative; 40min. 2-amino-5,6,7,8- 
tetrahydro derivative; 54min. compared to Compound A; 20min. The 
long retention times of the reduced aminonaphthalene derivatives 
could be explained by the side-chain of the nitrogen and trifluoro- 
acetyl group which stands away from the rest of the molecule. This 
would cause an increase in the interaction with the column resulting 
in a long retention time. The next series of compounds to be pre­
pared were tetrahydromethylquinoline and tetrahydromethyl-isoquinoline 
derivatives, since it was thought that reducing the length of the side- 
chain by having the nitrogen atom in the ring would result in a 
shortening of the retention time.
N-Trifluoroacetyl-1,2,3,4-tetrahydro-X-methylquinoline
Compounds were prepared with X = 2,4,5,6,7,8. The product from 
the preparation of each tetrahydromethylquinoline derivative was 
analysed first by gas chromatography and then by G-.C.M.S. The 
chromatograms from the 2,4,6- and 8-methyl derivatives contained one 
major peak. 5- and 7-Methyl quinoline were purchased as a mixture
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(70$ 7-methyl; 30$ 5 -methyl) and the chromatogram of the reduced 
and derivatised product contained two peaks in the expected ratio.
Thus the mass spectrum of N-trifluoroacetyl-X,2,3^-tetrahydro-T- 
methylquinoline was obtained from the major peak in the chromatogram 
and N-trifTuoroacetyl-l,2,3,4-tetrah.ydro-5-methylquinoline from the 
minor peak. The mass spectra of all the tetrahydromethylquinoline 
derivatives had an ion of highest mass at m/e 243 which is consistent 
with the molecular weight of reduced, trifluoroacetylated methyl- 
quinolines.
N-Trifluoroacetyl-1,2,3,4-tetrahydro-Y-methyl-isoquinoline
Compounds were prepared where J = 1,3,4. Analysis of the 
products from the preparation of these compounds showed in each case 
that only one major component was present. The mass spectra obtained 
on these components each contained an ion at m/e 243 as the ion of 
highest mass which is consistent with the molecular weights of 
reduced, trifluoroacetylated methylisoquinolines.
N-Trifluoroacetyl-1,2,3,4-tetrahydro-Z-methylisoquinoline
Compounds were prepared with Z = 5 ,6,7 and 8. These compounds
f\7
were prepared essentially by the method of Tyson, who synthesised
8-branoisoquinoline from _q-bromobenzaldehyde utilising the acid-
catalysed cyclisation of benzalaminoacetals to the isoquinoline nucleus
86 87first reported by Pomerantz and Fritsch. ’ , The process is carried
out in two stages; the first a condensation leading to the benzal- 
aminoacetal and the second a ring closure leading to the isoquinoline. 
In the first step the Schiff’s base is formed by the reaction of an 
aromatic aldehyde and aminoacetal, and the cyplisation of the benzal- 
aminoacetal is effected with sulphuric acid.
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Thus with _o-tolualdehyde as starting material, 8-methylisoquino- 
line was prepared and with jp-tolualdehyde, 6-methylisoquinoline was 
prepared. ¥ith m-tolualdehyde the final reaction product should 
contain a mixture of 5- and 7-methy1-isoquinolines since the cyclisation 
can proceed in two ways. i.e.
CH2CH(OC2H5)2
3
5-methyli s oquin o1ine
CH.
7-methylisoquinoline
Thus the cyclisation proceeds via carbon atom 3 (numbered on 
the ring) producing 7-methylisoquinoline or via carbon atom 1 
producing 5-methylisoquinoline.
The reaction products from the preparation of the tetrahydro-
6- and tetrahydro-8-methylisoquinoline derivatives gave only one 
major peak by gas chromatography and the resulting mass spectra 
contained ions of highest mass at m/e_ 243 which is consistent with
the molecular weight of a reduced, trifluoroacetylated methylisoquino- 
line. The reduced and derivatised product from the reaction with 
m-tolualdehyde was found to have two major peaks by gas chromatography. 
The mass spectra taken on the two components both contained ions of 
highest mass at m/e_ 243 which is consistent with N-trifluoroacetyl- 
l,2,3,4-tetrahydro-5- and 7-methylisoquinolines. The mass spectral 
and retention time data provided insufficient evidence on which to 
assign structures to the isomers.
The mass spectra of the tetrahydromethylquinoline and tetra- 
hydromethylisoquinoline derivatives are generally dissimilar to the 
mass spectrum of Compound A. The retention times of these compounds 
range from 25 - 30 min. which is shorter than the tetrahydronaphthyl- 
amine derivatives and of the same order as Compound A. The shorter 
retention times of the reduced quinoline and isoquinoline derivatives 
compared to the reduced naphthylamine derivatives supports the hypothesis 
made concerning the length of the side chain in the naphthalene com­
pounds in relation to the longer retention times of these compounds.
Since Compound A has a retention time of approximately 20 min. it 
was thought more likely that the unknown compound would contain a 
nitrogen atom in a ring structure rather than on a side-chain, hence 
the next group of compounds to be prepared were a series of indoles 
and indolines.
2,3-Dimethy1-N-trifluoroacetylindoline and 2-Ethyl-N-trifluoroacetyl- 
indoline
These compounds were prepared by the method of Yamamoto et al.
68
from phenylhydrazine and methylethylketone. The first step is a 
condensation reaction to form a phenylhydrazone and this is followed 
by a cyclisation step to yield the indole nucleus. i.e.
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+ CH3COCH2CH3 ■V
r ^ N CH3CH;
"NHNH,
The phenylhydrazone formed from the reaction between phenyl 
hydrazine and methylethyIketone can cyclise in two direction to 
form 2 ,3-dimethylindole and 2-ethylindole. i.e.
CH.!H„ CH.
H
CH.
“CH.
3
cyclisation to carbon atom a 
_
ch2ch3
cyclisation to carbon atom b 
A small portion of the product from the above reaction was 
analysed by mass spectrometry, The mass spectrum was found to have 
an ion of highest mass at m/e 145 which is consistent with the mole­
cular weights of 2 ,3-dimethylindole and 2-ethylindole. Reduction
of the indoles to the corresponding indolines was first attempted by
70 ^
the method of Dolby and Gribble, who used zinc dust and 85$
phosphoric acid to reduce indole to indoline in good yield (64$) and
2,3-dimethyl indole to 2,3-dimethylindoline in a somewhat poorer 
yield (19$). Under these conditions however, analysis of the pro­
ducts by Or.C.M.S. showed that no reduction of the mixture of 2-ethyl 
and 2,3-dimethylindole to the corresponding indolines had occurred.
The reaction was then repeated with a small volume of dichloromethane
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added to aid dissolution of the starting material but again no
identifiable products were obtained. Zinc dust and concentrated
hydrochloric acid has been used to convert indole to indoline but
tends also to promote polymerisation reactions, forming indole dimers 
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and trimers. 9 Substituted indoles have however, been reduced
in good yield by zinc/c .HCl/^,^ ,'^ Reduction of the mixture of
2-ethyl and 2,3-dimethyl indole with zinc/onc. hydrochloric acid was
found to proceed smoothly and in good yield, indicating that little
or no polymerisation had occurred. Analysis of the derivatised
product by gas chromatography showed two major components to be
present. The mass spectra from both peaks contained ions of highest
mass at m/e_ 243 which is consistent with the molecular weight of
2-ethyl-N-trifluoroacetyl-indoline and 2,3-dimethyl-N-trifluoro-
acetylindoline. From the mass spectral data (discussed on page 126)
it is possible to distinguish between the two components in the mixture.
The major component in the mixture was found to be 2-ethylindoline.
By peak height (from the chromatogram) the ratio between 2-ethylindoline
and 2 ,3-dimethylindoline was found to be approximately 2:1. This is
68
different from the ratio of 1:1 reported by Yamamoto et al. who,
however, also pointed out that the relative proportions of 2-ethyl­
indole and 2,3-dimethylindole obtained are very dependant on the 
composition of the polyphosphoric acid employed as cyclising agent.
5-Ethyl-N-trifluoroacetylindoline
The title compound was prepared from 5-ethylindole-2-carboxylic 
acid via decarboxylation and reduction. i.e.
5-Ethylindole was converted to the corresponding indoline in
70
good yield by the method of Dolby and Gribble. This is in contrast
to 2-ethylindole and 2 ,3-dimethylindole which were not reduced with 
zinc dust and 85$ phosphoric acid but required the stronger conditions 
of zinc dust and concentrated hydrochloric acid to effect their con­
version into the corresponding indolines. Stronger conditions are 
needed for 2-ethyl and 2,3-dimethylindole since tri-and tetra- 
substituted double bonds are more difficult to reduce than di­
substituted double bonds.
The derivatised product was analysed by G.C.M.S. and the major 
peak in the chromatogram was found to have an ion of highest mass at 
m/£ 243 which is consistent with the molecular weight of 5-ethyl-N- 
trifluoroacetylindoline.
N-Trifluoroacetyl-5-methoxyindole
Analysis of the product by gas chromatography showed that only 
one component was present which, by G.C.M.S., had an ion of highest 
mass at m/e_ 243. This is consistent with the molecular weight of 
N-trifluoroacetyl-5-methoxyindole.
5-Trifluoroacetoxy-l-methylindole
5-Hydroxy-l-methylindole is not reported in the literature.
The method devised uses 5-hydroxyindole as convenient starting material, 
and involves methylation of the nitrogen atom with iodomethane/sodamide. 
In order to avoid methylating the oxygen atom, the hydroxyl group was 
first protected by preparation of the jg-toluene sulphonyl derivative. 
After methylation the hydroxyl group was regenerated by addition of 
water and the trifluoroacetoxy derivative was prepared. Analysis 
of the product by G.C.M.S. showed that the only peak present had 
an ion of highest mass at m/e_ 243 which is consistent with the
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molecular weight of 5-trifluoroacetoxy-l-methylindole.
N-Trifluoroacetyl-3-methyloxindole
Preparation of the trifluoroacetyl derivative of 3-methyl- 
oxindole was first attempted by Method A (page 19). Analysis of 
the product by G.C.M.S. however, produced no readily identifiable 
mass spectrum suggesting that the trifluoroacetyl derivative of 3- 
methyl-oxindole had not been prepared. The preparation was there­
fore attempted with Method B (page 19 ). Analysis of the product 
by gas chromatography showed one major peak to be present, on which 
a mass spectrum was obtained by G.C.M.S. The ion of highest mass 
was at m/e 243 which is correct for the molecular weight of N- 
trifluoroacetyl-3-methyloxindole.
3-Methyloxindole, which is an amide rather than an amine, has 
therefore been found to be trifluoroacetylated in acetonitrile rather 
than diethyl ether. The fact that trifluoroacetic anhydride is more 
reactive in acetonitrile than in diethyl ether, is probably due to 
the increased polarity of acetonitrile compared to diethyl ether.
Generally, the retention time data and mass spectra of the 
various trifluoroacetylated indoles and indolines showed some simi­
larities to that of Compound A although a close resemblance was not 
obtained. In particular most of the compounds were found to have 
fairly short retention times (approximately 20 - 30 min.) which is 
similar to the retention time of Compound A (20 min.). The mass
spectra of these compounds are discussed on page 122. The next series
of compounds to be prepared again had the general structural features 
proposed for Compound A i.e. a bicyclic structure consisting of one 
benzenoid and one heterocyclic ring, but were not representative of 
any single class of compound.
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N—Trifluoroacetyl—2-phenylpyrrolidine
712-Phenylpyrroline was prepared by the method of Craig et al .
and reduced to the corresponding pyrrolidine by hydrogenation with 
platinum oxide (Adam's catalyst). Analysis of the product by 
G.C.M.S. indicated that two major components were present. The 
largest peak gives rise to a spectrum in which the ion of highest 
mass is at m/_e 243 which is consistent with the molecular weight of 
N-trifluoroacetyl-2-phenylpyrrolidine. The spectrum of the other
major component had an ion of highest mass at m/e_ 249; this is 
equivalent to the molecular weight of N-trifluoroacetyl-2-cyclohexyl- 
pyrrolidine and the fragmentation pattern is consistent with this 
structure.
The formation of 2-cyclohexylpyrrolidine accounts for the 
observed uptake of hydrogen, which was greater than the theoretical 
value owing to the reduction of the phenyl ring.
3 ,4-Dihydro-N-trifluoroacetyl-2-oxoquinoline
The preparation of 3,4-dihydro-2-oxoquinoline by hydrogenation,
of methyl-j)-nitroeinnamate with either Raney nickel or palladium/
93carbon as catalyst has been reported. The reaction proceeds via
the amino cinnamate, i.e.
In this method 3,4-dihydro-2-oxoquinoline has been prepared in 
good yield (80$) by the reduction of ethyl-o_-nitrocinnamate with zinc 
dust and concentrated hydrochloric acid.
As described in the experimental (page 29) the trifluoroacetyl 
derivative of 3 ,4-dihydro-2-oxoquinoline was prepared in two ways. 
This was done since it was theoretically possible to prepare two 
trifluoroacetyl derivatives of this compound
COCF
OCOCF
I ' " 3  II
The preparation without the addition of alkali should form
exclusively I since the equilibrium will favour the keto form of
3,4-dihydro-2-oxoquinoline. The preparation with addition of
alkali should enhance the formation of II, since 3 ,4-dihydro-2-
oxoquinoline will also exist in an enolic form thus increasing the
likelihood of attack from the oxygen atom.
CF,
i.e.
c f 3
Analysis, by gas chromatography, of the products from both
N  ^  OCOCF,
preparations showed that only one component was present in each case 
and that they had identical retention times. The mass spectrum of 
each component, by G.C.M.S., was identical having an ion of highest 
mass at m/e 243 which is consistent with the molecular weight of
3,4-dihydro-N-trifluoroacetyl-2-oxoquinoline. Thus the exclusive
product formed from both preparations was I. This may be explained 
since compound II would be unstable in acid media:-
+ OCOCF3
Since trifluoroacetic anhydride will contain trifluoroacetic 
acid as impurity, there will be enough acid present to promote the 
above reactions, thus no Compound II is present in the final product. 
Compound I can also be hydrolysed in acid media, however only the 
type of process (a) shown above is possible and the second mode of 
attack (b) cannot occur. Solutions of N-trifluoroacety1-2- 
oxoquinoline (I) in diethyl ether plus traces of trifluoroacetic 
anhydride have been left at room temperature for four weeks without 
significant decomposition. This indicates that the mode of hydrolysis 
shown in (b) is the likely mechanism for the decomposition of II.
2.3-Dihydro-N-trifluoroacetyl-4-oxoquinoline
.Analysis of the product by gas chromatography showed only one 
component to be present. The mass spectrum of the component con­
tained an ion of highest mass at m/e_ 243, which is consistent with
2.3-dihydro-N-trifluoroacetyl-4-oxoquinoline.
1,2-Djhydro-4-trifluoroacetoxyquinoline
Alkali was added to the reaction between trifluoroacetic 
anhydride and 2,3-dihydro-4-oxoquinoline in order to promote the 
formation of the O-trifluoroacetyl derivative via the enolic form 
of 2,3-dihydro-4-oxoquino1ine.
o" o c o c f 3
+ (CF3C0)20 .___
A
Analysis of the products by gas chromatography showed that two 
components were present. The major component had the same retention 
time as for 2,3-dihydro-N-trifluoroacetyl-4-oxoquinoline. Analysis 
by G.C.M.S. showed that both components had ions of highest mass at 
m/e 243 and that the spectrum of the major component was the same as 
for 2,3-dihydro-N-trifluoroacetyl-4-oxoquinoline. The molecular ion
at m/e 243 from the mass spectrum of the smaller component is consis­
tent with the molecular weight of 1,2-dihydro-4-trifluoroacetoxy­
quinoline. Thus, by this method, a mixture of 2,3-dihydro-N-tri- 
fluoroacetyl-4-oxoquinoline (80$ by peak area) and 1,2-dihydro-4- 
trifluoroacetoxyquinoline (20$ by peak area) was prepared. The 
O-trifluoroacetyl derivative of dihydro-4-oxoquinoline is clearly 
more stable than the oxygen derivative of dihydro-2-oxoquinoline.
This can be explained since the O-trifluoroacetyl derivative of 
dihydro-4-oxoquinoline is not susceptible to hydrolysis by process (b), 
see page 68 , which was shown to be the likely decomposition mechanism 
for the O-trifluoroacetyl derivative of dihydro-2-oxoquinoline.
N-Trifluoroacetyl-3-phenyl-2-azetidinone
Preparation of the trifluoroacetyl derivative of 3-phenyl-2— 
azetidinone was first attempted by Method A (page 19 ). Analysis of 
the products by G.C.M.S. however, produced no readily identifiable
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mass spectra indicating that the trifluoroacetyl derivative of
3-phenyl-2-azetidinone had not been prepared. The trifluoroacetyl 
derivative was then prepared according to Method B (page 19) and 
analysis of the product by G.C.M.S. showed one major component to 
be present. The mass spectrum of the component had an ion of 
highest mass at m/e 243 which is consistent with the molecular weight 
of N-trifluoroacetyl-3-phenyl-2-azetidinone.
As in the case of 3-methyloxindole, 3-phenyl-2-azetidinone has 
been found to be trifluoroacetylated in acetonitrile rather than 
diethyl ether. In both cases the compounds are amides rather than 
amines, hence it seems that whereas amines are readily trifluoro­
acetylated in diethyl ether, amides require the more polar acetonitrile 
as solvent for acylation to proceed.
N-Trifluoroacetyl-3-methylphthalimidine
Preparation of the trifluoroacetyl derivative was first attempted 
with Method A (page 19) but analysis of the products by G.C.M.S. 
produced no readily identifiable mass spectra. The trifluoroacetyl 
derivative was then prepared according to the Method B (page 19) and 
analysis of the products by G.C.M.S. showed only one major component 
to be present. The mass spectrum of the component contained an ion 
of highest mass at m/e_ 243 which is consistent with the molecular 
weight of N-trifluoroacetyl—3-methylphthalimidine. Since 3-
methylphthalimidine is an amide rather than amine this supports the 
hypothesis that amides require acetonitrile as solvent for tri- 
fluoroacetylation.
N-Trifluoroacetyl-2-isopropylpyrrolidine
The product from the preparation of this compound was analysed 
by G.C.M.S. and a mass spectrum recorded of the major component.
-70-
The ion of highest mass, at m/e 209, is consistent with the molecular 
weight of N-trifluoroacetyl-2-isopropylpyrrolidine.
2-Isopropylpyrrolidine was prepared in an attempt to identify 
Compound B. The original mass spectrum of Compound B was, however, 
subsequently discovered to be a mixture of two components.
3 v . Methods for Indentifying Unknown Compounds Found in Food Extracts
Food extracts, as obtained by the method of Chaytor, are
generally a complex mixture of amines and other nitrogenous compounds. 
Few methods are available for identifying the components in such a 
mixture without first effecting some separation of the components. 
Combined gas chromatography - mass spectrometry (G.C.M.S.) is one 
technique available for obtaining such information. However, even 
the use of G.C.M.S. does not necessarily lead to rapid identification 
of the components as a mass spectrum often does not provide enough 
information for characterisation. From the food extracts, two com­
ponents were identified from their mass spectra and retention times 
on two columns i.e. 2-phenylethylamine and iso-pentylamine. The 
authentic mass spectra and retention times of the two amines (as 
trifluoroacetyl derivatives) were identical to the data on the two 
components from the food extract. Many of the components could not 
be identified by mass spectrometry alone, so that further information 
was required.
Attempts were therefore made to separate certain components in 
the food extract, so that other techniques might be used e.g. n.m.r., 
i.r., u.v. etc.
The technique of thin-layer chromatography for clean-up, failed 
to resolve the individual components adequately. Separation was 
then attempted by preparative gas chromatography (with a Pye 105 
instrument) on a 6 ft. x ^ in. column of diethylene glycol adipate 
(D.E.G.A.). Although this proved to be more successful than thin- 
layer chromatography, it was only possible to collect broad fractions 
since the resolving power of the preparative column was insufficient 
to separate individual components in the extract. The lack of 
resolution on the wider columns has been discussed previously (page 34)
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where it was found that only high-resolution capillary columns were 
capable of separating the components of a food extract. Attempts 
were therefore made to collect the components as they were eluted off 
a capillary column, by fitting the columns to a gas chromatograph 
equipped with a hot-wire (Katherometer) detector. Katherometers are 
non-destructive detectors so that it was possible to collect compo­
nents in a simple trapping system. This consisted of two glass tubes, 
each packed with glass beads, and connected by a narrow piece of glass 
tubing. The glass beads were used to disperse the carrier gas and 
provide a large surface-area on which the sample could condense.
The system was tested by injection of two standards, N-trifluoroacetyl- 
n-butylamine and N-trifluoroacetyl-indoline. Results showed that the 
recovery of the trap was approximately 10$ for N-trifluoroacetyl- 
n-butylamine and 20$ for N-trifluoroacetylindoline. All attempts to 
collect components from a natural extract however, were unsuccessful, 
probably due to the small amount of each component actually injected 
onto the gas chromatograph. Since capillary columns are limited to 
a maximum injection volume of 0.2 pL. the amount of individual compo­
nent injected is very small. This factor, together with an approximate 
80$ loss through the trapping system, resulted in only minute amounts 
being collected from each injection.
Although high resolution capillary columns were used to analyse 
food extracts it was still possible that the peaks on the chromato­
gram represented two or more components. Analysis by G.C.M.S. would 
therefore result in mass spectra with ions from both components, thus 
making identification very difficult. This was suspected in the case 
of Compound B, since the spectrum gave all the characteristic ions of 
N-trifluoroacetylpyrrolidine together with several additional ions.
The retention time of N-trifluoroacetylpyrrolidine under similar
conditions to the food extracts was found to be different from the 
retention time of Compound B. However, by 'spiking' a food extract 
with increasing levels of N-trifluoroacetylpyrrolidine and analysing 
each by gas chromatography,the height of the peak due to Compound B 
increased relative to the other peaks in the extract. The retention time 
of N-trifluoroacetylpyrrolidine was found to be 30 seconds shorter in 
the food extract than in the standard. An accurate mass measurement 
on the m/e_ 167 ion in the spectrum of Compound B confirmed the 
presence of pyrrolidine. (Found: 167.0560. Calc, for C^HgNOF^ :
167.0548.) By subtraction of the ions due to N-trifluoroacetyl­
pyrrolidine from the mass spectrum of Compound B, a spectrum for the 
other component was obtained. The spectrum of this component is 
discussed in the section on mass spectrometry (page 98 ).
Since the peak due to Compound B was found to be a mixture of 
two components, it was also considered possible that the peak from 
Compound A represented more than one component. The first attempt 
to separate possible components was made by modifying the gas chroma­
tographic conditions.' The standard conditions for analysing food 
extracts are as follows; column, 50 ft. support-coated open tubular 
(S.C.O.T.) D.E.G.S. (diethylene glycol succinate); carrier gas 
(nitrogen) flow rate 8 ml./min. with the oven temperature programmed 
from 50°C --- *■ 180°C at 5°C/min.
Analysis with the S.C.O.T. D.E.G.S. column under a flow rate of 
4 ml/min. did not improve the resolution and the use of S.C.O.T. 
columns coated with different stationary phases i.e. Carbowax 20M and 
OV-17 did not separate the peak due to Compound A into two components. 
Samples were then analysed with 50 metre wall-coated capillary 
columns coated with (a) D.E.G.A. (diethylene glycol adipate) and
(b) Apiezon 'L' under a flow rate of 2 ml./min. The use of these
( •
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columns slightly improved the resolution, especially of the components 
of short retention time. Compound A, however, still appeared as one 
peak. Owing to the difficulty of matching flow rates through the 
gas chromatograph and into the mass spectrometer, it was not possible 
to analyse extracts by G.C.M.S. on the wall-coated columns. Attempts 
were made to improve separation of components by combining two S.C.O.T. 
columns e.g. two D.E.G.S. columns and a D.E.G.S./Carbowax 20M combina­
tion. The profiles from these columns were essentially the same as 
from the single column.
A different approach to the problem was made by means of mass 
spectrometry. The scanning speed (i.e. the time needed for a mass 
spectrum to be taken) can be varied over a wide range, from 600 secs./ 
decade to 1.0 sec./decade. By using the latter speed it is possible 
to obtain several spectra of a component during its elution period.
If a peak on the gas chromatograph represented two components, then 
the early spectra taken should contain the major ions of the first 
component and the later spectra, the major ions of the second compo­
nent. By plotting the height of the ion against time as shown in 
Figures 8 and 9, the spectra on which the maximum height of each ion 
occurred can be seen. If only one compound is present then all the 
ions should have their maxima at the same point.
The results show that the peak due to Compound A represents one 
compound as the five ions measured have identical maxima. This 
method would not separate two components having exactly the same 
retention time although the chance of this happening is small.
The difficulties involved in the separation and collection of 
the individual components of a food extract by preparative gas 
chromatography have been discussed previously. An alternative 
process which facilitates the problem of collection of the compo-
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nents is the use of high-pressure liquid chromatography. Vith this 
technique the components, as separated on the column, may be collected 
by channelling the eluent into an appropriate container; removal of 
the eluent by evaporation yields the component required. Since the 
collection of components is straightforward it was decided to try to 
obtain a separation of the components of a food extract with this 
technique. Since the high-pressure liquid chromatograph available 
is fitted with an ultra-violet adsorption detector operating at 254 nm. 
it was first necessary to prepare an amine derivative which absorbs in 
this region. Perfluorobenzoyl derivatives were chosen for this 
purpose and several standard aliphatic and aromatic derivatives were 
prepared in order to find the correct conditions for the separation 
of a mixture of components. An adequate separation of components 
was not obtained, however, and the technique was not applied to a 
natural extract. A mixture of three aromatic derivatives were 
separated and the retention time of each component and the conditions 
used are given in Table 2. No separation of aliphatic derivatives 
was obtained under any of the conditions employed. A schematic 
diagram of the high-pressure liquid chromatograph employed is shown 
in Figure 10.
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Table 2
Retention data on perfluorobenzoyl derivatives of aromatic amines 
by high-pressure liquid chromatography.
Perfluorobenzoyl derivative of Retention time (min.)
2-phenylethylamine 2.7
benzylamine 1.8
aniline 1.4
Column ether1 (Permaphase ETH)
Eluent 10$ acetic acid 
15$ methanol 
75$ water
Flow rate 1 ml/min.
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3 vi Gas chromatographic Separation of Standard N-Trifluoroacetyl
and N-Perfluorobenzoyl Derivatives 
The separation of a series of N-trifluoroacetyl-tetrahydro- 
methylquinolines, N-trifluoroacetyl-tetrahydro-methylisoquinolines 
and N-trifluoroacetyl-tetrahydronaphthylamines are shown in Figure 
11. Separation was achieved on a S.C.O.T. column of Carbowax 20M, 
under similar conditions to the analysis of food extracts (page 18 ). 
The profile falls into two parts; the tetrahydronaphthylamine 
derivatives at long retention time and the tetrahydro-methylquinoline 
and tetrahydro-methylisoquinoline derivatives with a shorter retention 
time. The trifluoroacetyl-tetrahydronaphthylamines are clearly 
separated from the other components, although the N-trifluoroacetyl 
derivatives of 5 ,6,7,8-tetrahydro-l-naphthylamine and 1,2,3,4- 
tetrahydro-2-naphthylamine are eluted as one peak. A large 
difference was found between the retention time of the 5,6,7,8- 
tetrahydro-2-naphthylamine (55 min.) derivative and the other tri- 
fluoroacetyl-tetrahydronaphthylamines (33 - 40 min.) but there is no 
apparent reason for this. The tetrahydro-methylquinoline and iso­
quinoline derivatives were eluted at shorter retention time (25 - 32 
min.) and most components were well resolved except N-trifluoroacetyl-
1,2,3,4-tetrahydro-7-methylquinoline and N-trifluoroacetyl-1,2,3,4- 
tetrahydro-l-methylisoquinoline which were eluted as one peak.
Although it is very difficult to account for all the differences 
in retention times between closely similar compounds the general 
trend is for longer retention times to be associated with the 
naphthylamine compounds compared to the quinolines and isoquinolines. 
Whilst the nucleus of each of these compounds has almost the same 
size and shape, in the hydronaphthyl series there is an additional 
trifluoroacetamido side chain, so that the retention times of these 
last compounds would be expected to be longer since there is
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increased opportunity for interaction with the stationary phase.
In the hydroquinoline and hydroisoquinoline series the nitrogen 
atom is part of the ring, hence the side chain is less bulky leading 
to low interaction with the stationary phase. Another factor is 
that the hydronaphthyl compounds are derivatives of primary amines, 
whereas the hydroquinoline and hydroisoquinoline compounds are 
derivatives of secondary amines, so that these latter cannot take 
part in weak bonding with electronegative sites on the stationary 
phase.
The other main classes of compound synthesised were indoles 
and indolines. Generally speaking the retention times of these 
derivatives were comparable to the shortest retention times found 
in the tetrahydroquinoline and tetrahydroisoquinoline series, hence 
much shorter than for the tetrahydronaphthylamine derivatives, e.g. 
5-ethyl-N-trifluoroacetylindoline (23.2 min.) and 5-trifluoroacetoxy- 
1-methy1indole (19.4 min.). This is in agreement with the hypo­
thesis put forward concerning the effect on the retention time of 
a derivative which still has a hydrogen atom attached to the nitro­
gen.
Analysis with a column of D.E.G.S. is as effective in separating 
complex mixtures of trifluoroacetyl derivatives as Carbowax 20M and 
a similar separation to that shown in Figure 11 was obtained on the 
former column. In general, retention times are slightly shorter 
on D.E.G.S. compared with Carbowax 20M, since it is the slightly 
less polar of the two phases. Analysis on an OV-17 column (non­
polar compared with D.E.G.S. and Carbowax 20M) does not produce as 
good a separation of components as on the more polar phases. The 
components have much shorter retention times on OV-17 compared to 
D.E.G.S. and Carbowax 20M which results in loss of resolution.
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A series of trifluoroacetyl derivatives of various primary and
secondary alkylamines were analysed under standard conditions in
order to gain information on the retention times of these compounds
and to discover the extent to which trifluoroacetyl derivatives from
compounds of similar structure may be separated. Tables 2 and 3
show the retention data from two series of isomeric compounds;
Table 3 of C. amines and Table 4 of C amines. The retention 
4 5
times for the alkylamine derivatives were found to be much shorter 
than found for the naphthylamine, quinoline and isoquinoline series. 
The longest retention time found for the alkylamine series was for 
N-trifluoroacetyl-isopentylamine (14.5 min.); this compared to 
approximately 50 min. for N-trifluoroacetyl-5,6,7,8-tetrahydro-2- 
naphthylamine. The relative size of the molecules is probably the 
main factor responsible for the large difference in retention time.
A comparison of the data in Tables 3 and 4 indicates that the 
retention time of alkyl trifluoroacetamides is dependant on three 
factors i.e. carbon number, degree of branching and the position 
of the nitrogen atom in the molecule. An increase in the carbon 
number generally results in longer retention times. This can be 
seen by a comparison of the following pairs of derivatives;
N-trifluoroacetyl-n-butylamine (12.5 min.), N-trifluoroacetyl-n- 
pentylamine (13.8 min.);
N-trifluoroacetyl-N-methyl-N-i-propylamine (6.2 min.), N-ethyl- 
N-trifluoroacetyl-N-methylamine (6.9 min.);
N-trifluoroacetyl-i-butylamine (11.6 min.), N-trifluoroacetyl-i- 
pentylamine (14.4 min.);
N-trifluoroacetyl-s-butylamine (10.2 min.), N-trifluoroacetyl-2- 
methyl-butylaraine (13.8 min.)
The longer retention time of the higher alkyl derivatives is a 
direct result of the increasing bulk of the molecule as this leads
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Table 3
Retention data on trifluoroacetylated amines
Trifluoroacetyl derivative of
Schematic structure 
of amine
Retention 
time (min.)
N-methyl-N-iso-propylamine 6.2
diethylamine 6.4
t-butylamine 6.4
N-methyl-N-n-propylamine 7.2
s-butylamine 10.2
is o-butylamine A/ 11.6
n-butylamine 12.5
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Table 4
Retention data on trifluoroacetylated C,. amines
Trifluoroacetyl derivative of
Schematic structure 
of amine
Retention 
time (min.)
N-Ethyl-N-iso-propylaraine / \ n / \ 6.9
N-m ethyl-N-se c-butylamine 
N-methyl-N-iso-butylamine
7.9
7.9
N-ethyl-N-n-propylamine 7.9
N-methyl-N-n-butylamin e
N
9.3
3-aminopentane
N '
11.6
2-aminopentane
N
12.0
n-pentylamine 13.8
2-methylbutylamine 13.8
Iso-pentylamine 14.4
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to more interaction with the column. The effect of branching in 
the carbon chain generally causes a decrease in the retention 
time. This phenomenon is shown in both the alkyl and alkyl 
series i.e. for the series; N-trifluoroacetyl-t-butylamine (6.4 
min.), N-trifluoroacetyl-s-butylamine (10.2 min.) and N-trifluoro- 
acetyl-n-butylamine (12.5 min.); for the C,_ series; N-trifluoro- 
acetyl-N-methyl-s-butylamine (7.9 min.) and N-trifluoroacety1-N- 
methy1-n-butylamine (9.3 min.). The reasons for this are not 
apparent although one factor might be that in a straight-chained 
structure more hydrogen atoms will be available for weak bonding 
with the stationary phase than in a branched structure where some 
of the hydrogens will be sterically less accessible. Thus the 
increased interaction of the straight-chain compounds will result 
in relatively longer retention times. Another factor could be that 
in branched structures the lone pair of electrons on the nitrogen 
atom is partially shielded by the alkyl groups, whereas in the 
straight-chain compounds the nitrogen atom is situated well away 
from the alkyl groups and is therefore more likely to interact with 
the stationary phase, hence producing longer retention times. An 
exception to this rule is found in the series where N-trifluoro- 
acetyl-i-pentylamine (14.4 min.) was found to have a slightly 
longer retention time than N-trifluoroacety1-n-pentylamine (13.8 
min.).
The position of the nitrogen atom in the molecule has a marked 
effect on retention time. In both series those compounds in which 
the nitrogen atom is at the end of an alkyl chain have longer 
retention times than compounds in which the nitrogen atom is in 
the middle of an alkyl chain. Thus derivatives prepared from 
primary amines have longer retention times to those prepared from
-87-
secondary amines. This is illustrated by the schematic structures 
of the amines, i.e.
, , retention time (min.)
amine structure ----------------- 1----
(of trifluoroacetyl derivative)
(a) C, series — 4-------
N-methyl-i-propylamine 6.2
diethylamine
sec-butylamine H « 6
n-butylamine . . 12.5
(b) C, series
N-ethyl-i-propylamine ^ X V  6.9
N-methyl-sec-butylamine 7.9
n-pentylamine 13.8
i-pentylamine 1 14.4
The reason for this phenomenon is probably that derivatives of 
primary amines have a proton on the nitrogen atom which is able 
to take part in veak bonding with electronegative sites on the 
stationary phase. The phenomenon that derivatives from primary 
amines generally have longer retention times to those from secondary 
amines was also found in the aromatic/heterocyclic series. Thus 
it was found that the trifluoroacetyl-tetrahydronaphthylamines 
(from primary amines) had longer retention times than the tri- 
fluoroaeetyl-tetrahydro-quinolines and - isoquinolines (from 
secondary amines). The position of the nitrogen atom in the 
molecule is thus an important factor governing the retention times 
of both aliphatic and aromatic type trifluoroacetamides.
Table 5 shows the retention times of a series of alkyl and 
aromatic perfluorobenzoylamides. Under similar conditions 
perfluorobenzoyl derivatives have much longer retention times than 
trifluoroacetyl derivatives, which is due to the increase in mass
-88-
Table 5
Retention data on the perfluorobenzoyl derivatives of certain amines 
by gas chromatography
(a) Ali-phatic amines
Column : S.C.O.T. DECS, operated at 140°C.
Carrier gas : nitrogen at 8 ml./min.
Perfluorobenzoyl derivative of Retention time (min.)
N-methyl-N-n-butylamine 2.4
t-butylamine 2.6
s-butylamine 5.2
i-butylamine 7
n-butylamine 9.2
n-pentylamine 11.0
i-pentylamine 11.2
(b) Aromatic amines
Column : S.C.O.T. DEGS, operated at 180°C.
Carrier gas : nitrogen at 8 ml./min.
Perfluorobenzoyl derivative of , Retention time (min.)
aniline 11.7
benzylamine 15.8
2-phenylethylamine 17.4
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of the perfluorobenzoyl. group compared with the trifluoroacetyl 
group. Thus, in order to analyse perfluorobenzoyl derivatives 
satisfactorily the gas chromatographic conditions were modified.
The alkyl derivatives were found to be eluted at a fairly short 
retention timeswith good peak shape at an isothermal column tempera­
ture of 140°C. The aromatic derivatives however, required a 
higher temperature, 180°C isothermal, and did not produce as good 
a peak shape as the alkyl derivatives.
Analysis of the data in Table 5 shows that the retention times 
of perfluorobenzoyl derivatives depend on the same factors as the 
trifluoroacetyl derivatives i.e. carbon number, degree of branching 
and the position of the nitrogen atom in the molecule. The effect 
of carbon number is shown by a comparison between the retention 
times of the and derivatives, from which the C,_ compounds 
are generally found to have the longer retention time. An excep­
tion to this is found for N-perfluorobenzoyl-N-methyl-n-butylamine
which has a shorter retention time than most of the C. derivatives.
4
This can be explained by the effect of the position of the nitrogen 
atom which is discussed later. As was found for the trifluoro­
acetyl derivatives, the effect of branching in the carbon chain 
generally causes a decrease in the retention time. This is clearly 
seen in the series; thus N-perfluorobenzoyl-t-butylamine (2.6 
min.) has the shortest retention time and N-perfluorobenzoyl-n- 
butylamine (9.2 min.) the longest. The reasons for this trend are 
probably similar to those mentioned for trifluoroacetyl derivatives 
i.e. the extra shielding of the N-H groups in branched structures 
results in less interaction with the stationary phase than in open 
structures. The position of the nitrogen atom in the molecule has 
a marked effect on retention time. This is illustrated in the
-90-
series by a comparison of the retention times of N-perfluorobenzoyl- 
n-butyl (9.2 min.), -i-butyl (7 min.), -s-butyl (5.2 min.) and 
-t-butyl (2.6 min.) amines and diethyl-N-perfluorobenzoylamine (1.7 
min.); and in the C,_ series by comparing N-perfluorobenzoyl-n- 
pentylamine (11.0 min.) and N-perfluorobenzoyl-i-pentylamine (11.2 
min.) with N-perfluorobenzoyl-N-methyl-n-butylamine (2.4 min.).
The reason for this phenomenon is again probably the same as that 
stated for trifluoroacetyl derivatives i.e. that the extra proton 
on the nitrogen atom of derivatives from primary amines (e.g. 
n-butylamine etc.) is able to take part in weak bonding with 
electronegative sites on the stationary phase. This is not 
possible with derivatives from secondary amines (e.g. diethylamine), 
hence they generally have shorter retention times than derivatives 
of primary amines.
Aromatic perfluorobenzoyl derivatives are not chromatographed 
on the D.E.G.S. column as readily as the alkyl derivatives, although 
it is possible to analyse simple aromatic derivatives by having the 
column at 180°C. Under these conditions N-perfluorobenzoyl- 
aniline (11.7 min.), N-perfluorobenzoyl-benzylamine (15.8 min.) and 
N-perfluorobenzoyl-2-phenylethylamine (17.4 min.) were chromatographed 
although the peaks obtained were broad and poorly shaped, especially 
for the derivative of 2-phenylethylamine at longest retention time.
CHAPTER 4
Discussion of mass spectra
4 i. Compounds found in the extracted foodstuffs
The mass spectra of all compounds extracted from the various 
foodstuffs are given in Appendix 1. The mass spectra of the compounds 
identified and the two most commonly found unknown compounds are given 
in Figures 12 - 15; the intensities of the ions are averaged from 
three separate G.C.M.S. analyses.
Since the food extracts were not separated into individual com­
ponents prior to analysis by mass- spectrometry, all the spectra were 
obtained by G.C.M.S. The accurate mass measurements were made on a • 
sample of the extract which had been introduced into the mass 
spectrometer through a heated glass-inlet system. The small amount 
of each compound present in an extract made accurate mass determinations 
on ions of individual components difficult since the high sensitivity 
required to detect the ion produced excessive electrical noise on the 
oscilloscope. This problem was partially solved by first submitting 
the extract to preparative gas chromatography. As previously explained, 
the selectivity of this technique is not sufficient to resolve the 
individual components, but a selective concentration of certain com­
ponents was obtained in some fractions. Thus the accurate mass 
measurement was made easier to perform, and more accurate due to the 
increased concentration of the individual component.
Compound A
The mass, spectrum of the trifluoroacetyl derivative of Compound A 
is shown in Figure 12. The base peak is at m/e 91 and the ion of 
highest mass is at m/e 243; important ions are also found at m/e 174 
and m/e 117. The ion at m/e 243 is likely to represent the parent
/ 011
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ion since ions are also exhibited at m/e 174 and m/e 146 which 
correspond to (M-CF^) and (M-COCF^) respectively. These fragmen­
tation processes have been found previously to be characteristic of
56most trifluoroacetyl derivatives. Three accurate mass determina­
tions on the m/e 243 ion showed it probably had the following molecular
formula: C HoN0oF (Found : 243.0540; 243.0505 and 243.0480.
±1 o 5
Gale, for ^qq^gM^F^ : 243*0505). Owing to the complex nature of 
the extracts a doublet was detected at m/e 243 and the composition 
given above for the m/e 243 ion represents the closest fit to the major 
peak. Accurate mass measurements have been carried out on other ions 
from the spectrum of Compound A. viz : m/e 117 (Found : 117.0582.
Calc, for Cgiyj : 117.0577), m/e 91 (Found : 91.0540. Calc, for C7HT : 
91.0547), m/e 215 (Found : 215.0533. Calc, for C1()HgN0F3 : 215.0555) 
and m/e 198 (Found : 198.0510. Calc, for ^10^7 ^ 3  : 198.0529). A 
metastable ion at m/e 46.5 indicates a transition from m/e 91 m/e 65 
(Calc, for 91 65 : m* 46.4) which corresponds to loss of acetylene
from the tropylium ion.
CA+ —  S H5+ + C2H2
From the accurate mass measurements, the fragment at m/e 215 is formed
by loss of CO from the molecular ion. This type of process has also
been observed in the spectrum of N-trifluoroacetyl-dihydro-oxoquinolines
94
and previously by other workers in the breakdown of alkoxyquinolines,
95 96 
indole-2-carboxylates and a variety of other compounds. The
composition of the m/e 117 ion has been confirmed by an accurate mass 
determination made at the National Physical Laboratory. The ion is 
formed by loss of C^HO^F^ from the molecular ion although this is 
probably equivalent to loss of COCF^* and CHO, An indole type struc­
ture was first considered likely for the m/e. 117 ion but this was not
-94-
supported by evidence obtained from the fragmentation patterns of the
various synthesised compounds. The main evidence against an indole
+
structure is that the (M-CF^) ion is much more intense than the 
(M-COCF^) ion in the spectrum of Compound A. Evidence from the
various indoles, indolines and quinoline derivatives indicates that 
compounds containing a nitrogen atom in an a -position to an aromatic 
ring produce an (M-COCF^) ion of higher intensity than the (M-CF^) 
ion (see Chapter 4 ii). ,
An isoindole type structure is thus more likely for the m/e 117
ion; i
m/e 117
The fragment at m/e 198 is formed by loss of CO^H from the mole­
cular ion; this means that CO is expelled from the trifluoroacetyl
part of the molecule. None of the N-trifluoroacetyl derivatives in
56,57,59
this present study or those studied previously by other workers, 
have been found to exhibit this type of fragmentation. Previous work 
on ()-tr if luoroacetyl derivatives however, showed that loss of CO from 
the molecular ion is much more common. Thus it is possible that 
Compound A is an O-trifluoroacetyl derivative and hence the compound 
contains a tertiary nitrogen atom.
N-Trifluoroacetylpyrrolidine
The authentic mass spectrum of N-trifluoroacetylpyrrolidine is 
shown in Figure 13 together with a composite spectrum of Compound B 
and N-trifluoroacetylpyrrolidine obtained from a food extract. The 
major ions in the spectrum of N-trifluoroacetylpyrrolidine are formed 
by similar processes to that described by Budzikiewicz for the break-
-95-
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down of pyrrolidine.97
X CH2
>
COCF,
+ / CH2
COCF,
CH ^ CH,
COCF,
m/e_ 167 m/e 139
This transition is' confirmed by the appropriate metastable ion 
(Found m/e : 115.5. Calc, for 167 139 '• m* 115.7). The m/e_ 139
ion then decomposes by loss of COCF - ..to form the peak at m/e 42:-
COCF,
+
>  CH2=N=CH2 + *COCF3
m/e 42
m/e 139
A metastable ion at m/e 50 indicates a transition from m/e 98 
m/e 70 (Calc, for 98 —>* 70 : m* 50.0).
m
COCF,
/e 167
-CF_*
— 2--- h
»
0
m/e 98
-CO
m/e 70
Another mechanism for the formation of the m/e 70 ion is loss of 
COCF^* from the molecular ion.
-COCF
m
.+
N
toCF, 
/e 167'
X*
+
m/e 70
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! +
A small (M-l) ion is exhibited in the spectrum and this is 
formed by loss of a hydrogen atom:-
-H*
I
COCF3 
m/e 167
c o c f 3
m/e 166
Unlike the mass spectrum of pyrrolidine, the molecular ion in 
the spectrum of N-trifluoroacetylpyrrolidine is a major ion and is 
also the base peak. An intense ion is exhibited at m/e 55 and has 
been sho\m, by an accurate mass measurement to be due to a fragment
ion but the mechanism of the process is not clear.
Compound B
The mass spectrum of Compound B is shown in Figure 13. The 
spectrum is an approximation since it has been drawn by subtraction 
of the ions exhibited by N-trifluoroacetylpyrrolidine from a composite 
mass spectrum of Compound B and N-trifluoroacetylpyrrolidine. The 
base peak is at m/e 43 with other intense ions found at m/e 194, 
m/e 84 and m/£ 123. The ion of highest mass, at m/e 209, is of low 
intensity. A possible composition for the m/e 43 ion is C^H^N which 
has the most likely structure:-
of composition C^H^,+ . (Found : 55.0530. Calc, for : 55.0547).
Thus the ion is formed by a formal loss of NHC0CF3 from the molecular
.+
c h 3-n =c h 2
m/e 43
One type of mechanism which would produce this fragment is shown below:-
-98-
CH. .+
N  ^
COCF
-R.
>
m/e 209
+
CH -N=CH 
COCF,
-COCF .+
 2 ch3-n=ch2
m/e 140 m/e 43
An accurate mass determination on the m/e 194 ion showed it to
be of composition C^H^,N02F3 (Found : 194.0428. Calc, for C^.H^N02F3 :
194.0428). If the molecular ion is assumed to be at m/e 209 and the
m/e 194 ion to be formed by loss of CH3 « from the molecular ion, then
the fragment R will be of composition C^H^O. Several possible
structures for Compound B can therefore be written e.g.
■ 0
CH. CH.
N
I
COCF,
,1
COCF.,
CH
¥
COCF
CH2COCH=CHCH3 CH . CH CH=CHCH CHO
N 2 ^
COCF
N-Trifluoroacetyl-2-phenylethylamine
The mass spectrum of N-trifluoroacetyl-2-phenylethylamine 
obtained by G.C.M.S. analysis of a natural extract, together with a 
mass spectrum of an authentic sample, are shown in Figure 14. The 
base peak is at m/e 104 and the only other ion of major intensity is
at m/e 91. The m/e 104 ion is formed by a process similar to that
56 59
proposed by Saxby and by Zeman and Virotama in which the positive
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charge is transferred to the alkyl chain by a McLafferty rearrangement
m/e 126
Unlike most of the trifluoroacetyl derivatives studied, the spectrum 
of N-trifluoroacetyl-2-phenylethylamine does not contain ions due to
is probably that the formation of the two hydrocarbon fragments, at
N-Trifluoroacetyl-iso-pent.ylamine
Figure 15 shows the mass spectrum of an authentic sample of 
N-trifluoroacetyl-iso-pentylamine and a mass spectrum of the same 
compound taken by G-.C.M.S. analysis of a natural extract. The frag­
mentation pattern of this compound is discussed in Chapter 4 iii where 
it is also compared with other trifluoroacetyl derivatives. The
CF.
+ nh2cocf3
m/e 104
H Ph
m/e 217
C Q - C p bond cleavage occurs to produce the two ions at m/e 91 and 
m/e 126 with the more favoured process the formation of the tropylium
ion:
CH2CH2NHC0CF3
+ CHoNHC0CF.
m/e 217 m/e 91
v +
7- ch2=nhcocf3 + c h •
loss of CF3 * and C0CF3 * from the molecular ion. The reason for this
m/e 91 and m/e 104, is the more favoured process.
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mechanisms of formation for the major ions are given below:-
+
CH =NH-C0CF + C H • 
^ 3 4 9
m/e 126 (base peak)
- HFCO
+
c h 2=n =c f2
m/e 78r
c h r i  •+
^CHCH CH NHCOCF 
CH 3
m/e 183
CH, .+
•3^  ^chchIch^nhcocp, 
2 3
m/e 183
CF,
.+
>  ch3mhcocf3 +
CH,
CH,
C=CH,
m/e 127
H.
-N 0 * +
H
^ c \  fH
tf'" ^ C  ^
H ^  ^ H (CH3 )
>  c h 2=c h c h (c h 3 )2TV + HH2COCF3
m/e 70
m/e 183
CH
3 \ ,.+-s
CH,
CHCH2CH2NHCOCF3 -r~
CH
3 ^
+
CH.
^ C H C H 2CH2NH=C=0 + CF3
m/e 183 m/e 114
-103-
4. ii. Trifluoroacetyl derivatives of synthesised compounds
The mass spectra of the compounds discussed in this section are 
given in Appendix 2.
1-Amino-N-trifluoroacetyl-1,2,3,4-tetrahydronaphthalene and 2-amino- 
N-trifluoroacetyl-1,2,3,4-tetrahydronaphthalene
The mass spectra of the 1- and 2-amino derivatives are very
similar; both are devoid of a molecular ion and do not exhibit
fragments due to loss of CF^* and COCF^* from the molecular ion, which
56have been shown by Saxby, to be ions commonly found in the
breakdown of trifluoroacetyl derivatives under electron-impact. The
base peak of both compounds is at m/e_ 130 which has been shown, by 
accurate mass measurement, to be due to a hydrocarbon fragment 
(Found : 130.0765 and 130.0755. Calc, for C H : 130.0780).'
Thus the major fragmentation involves loss of a neutral fragment con­
taining the nitrogen atom and the trifluoroacetyl group. The mechanism
56
for this process is probably similar to that proposed by Saxby
59and by Zeman and Virotama for the fragmentation of various N-
98
alkyltrifluoroacetamides and by Budzikiewicz et al. for the
breakdown of steroidal amides. It involves transfer of the positive 
charge to the alkyl fragment by a McLafferty rearrangement:-
H
m/e_ 243 130
This type of fragmentation, i.e. transfer of the charge to the 
alkyl group, is also evident in the spectra of alkylamine, cycloalkylamine
and cyclic amine trifluoroacetyl derivatives which are discussed in 
section 4 iii.
Both tetrahydronaphthylamine derivatives contain an ion of Dow 
intensity at m/e 104; this can be attributed to the hydrocarbon 
fragment, CgHg, which is probably formed by loss of acetylene fr< 
the m/e_ 130 ion. Loss of acetylene from fragment ions has been 
previously observed in the breakdown of a variety of organic com-
•om
pounds.
96
+
+ C2H2
m/e_ 130 m/e 104
Both compounds also contain ions of minor intensity at m/e 91
and m/e_ 115. They are likely to be due to the hydrocarbon fragments 
4~ +
(C_H_) and (CQH_) respectively, since the only other possible
ii y I
formulae for the ions are C,H_N and 0oH_N which would not be readily
o 3 o 5
formed from the amino-tetrahydronaphthalene structure.
l-Amino-N-trifluoroacetyl-5,6,7,8-tetrahydronaphthalene and 2-amino- 
N-trifluoroacetyl-5,6,7,8-tetrahydronaphthalene
The mass spectral fragmentation patterns of the two 5,6,7,8- 
tetrahydro derivatives are more complex than that of the 1,2,3,4- 
tetrahydro derivatives. Both 5,6,7,8-tetrahydro compounds exhibit 
a strong molecular ion and for the 2-amino derivative the molecular 
ion is also the base peak. Fragments due to (M-CF^) at m/e_ 174 and 
(M-COCF^) at m/e 146 are exhibited by both derivatives. The ra/e 174 
ion is the base peak of the 1-amino compound and the m/e 146 ion is 
also a major peak in the spectrum; this is in contrast to the 2-amino 
compound which only exhibits the m/e_ 174 and m/e 146 ions at low
-105-
intensity. A possible reason for the difference in intensity of 
these ions, lies in the stereochemistry of the two compounds. Thus 
for the 1-amino derivative the two hydrogens on carbon atom number 8 
(see below) interact with the COCF^ group far more than when the 
nitrogen atom is in the 2- position. The loss of CF^* and COCF^* 
from the 1-amino derivative therefore stabilises the structure by
decreasing the amount of steric interaction:-
1 . 6 _ _  71 - a m m o ,
, ~ »«h CF
ft" 3
2-amino,
In the 2-amino derivative there is little interaction; (a) between
the hydrogen atoms on carbon 8 and the trifluoroacetyl group due to
their distance apart and (b) between the hydrogen atoms on carbon 1
and 3 and the trifluoroacetyl group since the hydrogen atoms lie in
the plane of the ring and the trifluoroacetyl group out of the plane
of the ring. Thus there is no increase in stabilisation due to loss
of CFy or COCF^* groups.
The mass spectra of both compounds exhibit an ion at m/e_ 215;
an accurate mass measurement on this ion showed it to be of composition .
C1JBLNOF (Found : 215.0561. Calc, for C _ H oN0Fo : 215.0556) i.e.
1U o j 1U o j
loss of O^H^ from the molecular ion. The mechanism of the process
can be attributed to a retro-Diels-Alder reaction. 99 Loudon et
100 _ 101 . _ .i • i
al. and Charnock and Jackson have previously shown this type
of fragmentation to be important in the breakdown of various tetra-
hydroisoquinolines. Retro-Diels-Alder type processes will also be 
shown to be important in the fragmentation of various N-trifluoroacetyl- 
tetrahydro-methylisoquinolines.
© 0
m/e_ 243
.+
NHCOCF,
*-
m/e 215
NHCOCF,
.+
+ C2H4
Both components contain a small ion at m/e 91, which is likely to
•f-
be due to > formed by a rearrangement process. An ion of low
intensity, at m/e_ 69 is present in the spectrum of both components.
This is due to the fragment CF^ which has been previously observed 
56
by Saxby to be a characteristic ion in the spectra of trifluoro­
acetyl derivatives.
The spectra of both 5,6,7,8-tetrahydro derivatives contain an 
ion of low intensity at m/e. 115. An accurate mass measurement, made 
on the m/e. 115 ion from the 1-amino compound, showed it to be due to
the hydrocarbon fragment C H (Found : 115.0520. Calc, for C H :
9 i 9 i
115.0545). The mechanism of this fragmentation probably goes via
the low intensity m/e 130, formed by loss of NHoC0CFo from the molecular
ion, followed by removal of a methyl group 
NHCOCF,|,+
+ n h 2c o c f 3
m/e 243 m/£ 130
m/e 115
+ CH,
-107-
A comparison of the mass spectra of the 1,2,3,4-tetrahydro 
derivatives and the 5,6 ,7 ,8-tetrahydro derivatives shows that although 
there are similar fragmentation processes found in the minor ions, e.g. 
the formation of the m/e 115 ion, in general the major ions are not 
alike. This is mainly due to the fact that loss of NH^COCF^ from the 
two 1,2,3,4-tetrahydro compounds produces the only major ions in their 
spectra at m/e 130. This is in contrast to the major ions of the
5,6,7,8-tetrahydro derivatives which are due to loss of CF^» and 
COCF^* from the molecular ion. Loss of NH^COCF^ from the molecular 
ion of the 5,6,7 ,8-tetrahydro compounds does not produce an ion of 
major intensity since such a process would involve either the formation 
of a 'benzyne' type structure or a rearrangement process in which a 
hydrogen atom is transferred from the tetrahydro ring to the nitrogen. 
Both processes are clearly unfavourable hence this breakdown path is 
not observed in the 5,6 ,7 ,8-tetrahydronaphthylamine series.
N-Trifluoroacetyl-1 , 2,3,4-tetrahydr o-X-meth.ylquino line
Where X is 2,4,5,6 ,7,8 .
The mass spectra of all the tetrahydro-methylquinoline derivatives 
show certain similarities in the major ions present i.e. all contain 
aj molecular ion, (M-CF^)+ , (M-C0CF^)+ and (M-CH^)+ . The relative 
intensity of these ions varies for different compounds. In general 
those compounds with the methyl group substituted on the aromatic ring 
have a more intense molecular ion than those substituted on the hetero­
cyclic ring. Thus for the 5-, 6- and 7-methyl compounds the molecular 
ion is also the base peak whereas for the 2-methyl derivative the 
molecular ion is only a minor peak. An exception to this is found 
for the tetrahydro-8-methyl derivative in which the molecular ion is 
a minor peak and the base peak is found at m/e_ 174 (formed by loss of
CF^* from the molecular ion). The reason for this might be steric 
hinderance between the methyl group and the trifluoroacetyl group:-
CF
-CF.
3
Thus the loss of CFy from the molecular ion reduces the inter­
action and produces a more stable configuration. This is not the 
case with compounds substituted in the 5-, 6- and 7- positions of the 
aromatic ring since the methyl group is situated well away from the 
trifluoroacetyl group. This supports the hypothesis made concerning 
the intensity of the m/e. 174 ion in the spectrum of the 1-amino-
5,6 ,7 ,8-tetrahydronaphthalene derivative compared to the intensity of 
the same ion in the spectrum of the 2-amino-5 ,6 ,7 ,8-tetrahydronaphtha- 
lene derivative (see page 106).
The molecular ion in the spectrum of the 4-methyl derivative is 
also the base peak, and the only other ion of major intensity is at 
m/e 228. This is formed by loss of a methyl radical from the molecular 
ion. '
The m/e 174 ion, formed by loss of CF^» from the molecular ion, 
is present in the spectra of all the compounds studied in this section. 
The ion is generally of low intensity with the exception of the 8- 
methyl derivative which has already been discussed. An ion at m/e.
146, is also exhibited inihe spectra of all tetrahydroquinoline 
derivatives studied and would normally be ascribed to loss of COCF^* 
from the molecular ion. The m/e. 146 ion is found to be more intense 
than the corresponding m/e 174 ion in the tetrahydroquinoline series.
A more intense ion due to (M-COCF^) than (M-CF^) is unusual in
the breakdown of trifluoroacetyl derivatives and has only been
58
previously observed by Saxby in the spectra of aryl trifluoro-
acetates containing an electron-withdrawing group in the para-
position. For this reason an accurate mass determination was made
on the m/e 146 ion of the 6-methyl derivative. This showed the
presence of a doublet; a fragment of composition C^qH ^ N  in an
approximate ratio of 1:1 with a fragment of composition C^HgNO
(Found : 146.0947 and 146.0578. Calc^for C ^ H ^ N  : 146.0969.
Calc, for C_HoN0 : 146.0605). An accurate mass measurement made 
9 o
on the m/e_ 146 ion from the other methylquinoline compounds showed 
a doublet to be present in each case. The approximate ratios are 
given below and it can be seen that in all cases except the 2-methyl 
derivative (which is discussed later) the ratio approaches 1 :1.
Amine (as trifluoroacetyl 
derivative)
Approximate ratio of
JL1C£12N ^ £ 8N0—
tetrahydro-2-
tetrahydro-4-
tetrahydro-6-
tetrahydro-8-
tetrahydro-5-
tetrahydro-7-
-me thy lquino1ine 
■methylquinoline 
■me thylqu ino1ine 
■methylquinoline 
•methylquinoline 
•methylquinoline
3.5
1.3
1
0.6
1
1
The fragment of empirical formula is formed by loss of
COCF^* from the molecular ion:-
COCF,
-COCF
m / e _ 146
Subtraction of the ion current due to the C H NO fragment from
y o
the m/e 146 peak still results, in most cases, in the (M-COCF^) ion 
being of greater intensity than the (M-CF^) ion. This can probably 
be attributed to stabilisation of the positive charge by delocalisation 
in the aromatic ring:-
Further evidence for delocalisation leading to a relative increase 
in the height of the (M-COCF^) peak in the spectra of compounds con­
taining a nitrogen atom a - to an aromatic ring is shown in the 
fragmentation of the N-trifluoroacetyl derivatives of 3-ethylindoline, 
2,3-dimethylindoline, 3,4-dihydro-2-oxoquinoline and 2,3-dihydro-4- 
oxoquinoline, which are discussed later.
The other fragment at m/e 146, CoHQN0, is formed by a formal loss
y o
of CFy and from the molecular ion. A possible mechanism for
this involves loss of CF^* from the molecular ion followed by expulsion 
of by a retro-Diels-Alder reaction
COCF.
0
m/£ 243 ^74 £*/§. 1^6
The transition from m/je 174 to m/e_ 146 is confirmed by the presence 
of the appropriate metastable ion (Found : m/e 122.5. Calc, for 
174 -*> 146 : m* 122.4) in the spectrum of the 8-methyl derivative.
-Ill-
The possibility of forming the m/e_ 146 ion by a retro-Diels-Alder 
reaction is not supported by previous work, since Loudon et al. 
have reported that this mode of fragmentation is virtually absent 
in the breakdown of 1,2,3,4-tetrahydroquinoline. Further evidence 
that the retro-Diels-Alder reaction is an important process in the 
fragmentation of N-trifluoroacetyl-l,2,3,4-tetrahydroquinolines 
however, is given by the breakdown of the tetrahydro-2-methylquinoline 
derivative. The accurate mass measurement on the m/e 146 ion of the 
2-methyl compound showed the ion to be due mainly to the fragment 
Cl0^12^ i.e. (M-C0CF3 )+ . The low abundance of the C^HgNO species 
for the 2-methyl compound can be explained if a retro-Diels-Alder 
mode of fragmentation occurs, as proposed for the other methylquinoline 
derivatives, from the m/e 174 ion. 
i.e.
+ CF,
COCF,
m/e 243 m/e 174
H
T+
CC.
+ CH2=CH(CH3 )
/ Fl/e 132m/e 174 -
This is supported experimentally, since it is found that the 
m/e 132 ion forms the base peak in the spectrum of the 2—methyl 
derivative. The composition cf the m/e_ 132 fragment has been con­
firmed as CgH^NO by an accurate mass measurement. (Found : 132.0440. 
Calc, for CgH6N0 : 132.0448).
The mass spectra of all of the compounds studied in this series
-112-
contain an ion at m/e 228, formed by loss of a methyl radical from 
the molecular ion. For. example, for the 4-methyl derivative.
+CH .+
-CH •
m/e 243
COCF, COCF
m/e_ 228
The transition is confirmed by the appropriate metastable ion in the 
spectrum of the 4-methyl and 8-methyl derivatives (Found : m/e 214. 
Calc, for 243 -> 228 : m* 213.9).
The intensity of the m/e. 228 ion varies for different compounds, 
but it is generally of low intensity for compounds with the methyl 
group on the aromatic ring. For the two derivatives with the methyl 
group substituted in the heterocyclic ring however, the M-CH^ fragment 
forms a major ion in the spectrum. This is due to the stabilisation 
of the positive charge by delocalisation in the case of the 4-methyl 
derivative;
COCF
+
COCF
For the 2-methyl derivative the process is a C a - C p bond cleavage; 
a process which generally leads to the formation of a stable fragment
in compounds containing a heteroatom, 102
COCF,
COCF
m/e 228m/e 243 "3
No such stabilisation of the charge is possible for the compounds 
substituted on the aromatic ring hence the ion formed is of relatively
-113-
lower intensity. Other ions formed which are common to all the
4*
tetrahydromethylquinoline derivatives studied are; m/e 91 (C^H^) ,
m/e 77 (C,H_)+ and m/e 69 (CF_)+ .
  o p    3
The spectrum of the 2-methyl derivative contains some unusual 
features; two major ions are formed at n/e_ 131 and m/<3 130 and the 
ion at m/e 77 is more intense than for the other derivatives. An 
accurate mass measurement on the m/e 131 ion showed it to be of 
composition C^H^N. (Found : 131.0707. Calc, for C ^ N  : 131.0727).
Thus the m/e 131 ion is formed by formal loss of C^H^OF^ from the 
molecular ion and can probably be attributed to loss of CHy and 
COCF^*. There are two possible paths to the n}4331 ion (for the loss 
of CH^* and C0CF^» ) and lack of metastable evidence makes it difficult 
to indicate which is the most favourable
COCF.COCF.
COCF. COCF,
m/e_ 146 m/iL 131
An accurate mass measurement on the m/e 130 ion showed it to be 
of composition C^HgN (Found : 130.0643. Calc, for C^HgN : 130.0656). 
The structure of the m/e 130 fragment is not obvious but a possible 
structure is shown below;
I
H
This particular structure for the m/e 130 fragment is supported 
by two metastable ions. A transition from m/je 130 —b m/e 103 is
indicated by a metastable ion.at m/e 81.5 (Calc, for 130 —>  103 :
m* 81.6). This is equivalent to loss of 27 mass units and can
probably be ascribed to expulsion of a molecule of HCN. This type
of fragmentation from the protonated quinoline structure has been
103
previously observed by Budzikiewicz et al.
H
m/e 130
-HCN
m/e 103
A further metastable ion from the 2-methyl compound indicated a 
transition from m/e 103 to m/e_ 77 (Found : m/e 61. Calc, for 
103 77 : m* 61.1). This was also observed by Budzikiewicz
et al. 104 who attributed the transition to loss of acetylene.
C H
-HCSCH
m/e 103
¥ C6H5
m/e 77
The only other quinoline derivative to exhibit an ion at _m/e_ 103
is the 8~methyl compound and the corresponding metastable ion for the
transition m/e 130 — m/e_ 103 (Found : m/e_ 81.5. Calc, for 130
103 : m* 81.6) is also observed. An accurate mass measurement on
■fhe m/e 130 confirmed the composition to be (Found : 130.0639.
Calc, for C0H0N : 130.0656).
9 o
The mass spectra of the 2-methyl,4-methyl and 7-methyl derivatives 
contain an ion of low intensity at m/e 115 which is likely to be due to
-115-
the hydrocarbon fragment The structure of the ion is not
certain although a structure in which the charge is delocalised in 
the aromatic ring is most likely.
N-Trif luoro acetyl-1,2,3 + 4-tetrah.ydro-Z-methylisoquinoline 
Where Z is 1,3,4,6 ,8 .
The spectra of the five tetrahydro-methylisoquinoline derivatives
are similar in many respects to each other. The same ions are
generally present in the spectrum of each derivative although there
is a wide divergence in intensity of these ions.
The base peak of all compounds except the 1-methyl derivative
is the molecular ion at m/e 243. This is unlike the typical mass
spectrum of a tetrahydroisoquinoline (free amine) in which the
105
molecular ion is generally found to be of low intensity. The
base peak in the spectrum of the 1-methyl derivative is at m/e 228
which is due to loss of CH^* from the molecular ion. The reason for
the high intensity of this ion is that the positive charge can be
localised on the heteroatom. The process is a C a - C p bond cleavage
a breakdown mode which has been previously shown to produce stable
102
ions in the spectra of compounds containing heteroatoms.
In previous -work on the fragmentation of 1- substituted tetrahydro-
105
isoquinolines, Djerassi et al. found that the most abundant
fragment is often formed by loss of the substituent in the 1- position. 
The (M-CH^) fragment forms a major ion in the spectra of all deriva­
tives in this group, but is relatively more intense for the 6- and 8- 
methyl derivatives (i.e. substituted on the aromatic ring) than for 
the 3- and 4- methyl derivatives. This is the reverse to that found 
in the reduced methylquinoline series in which it was found that the 
m/e_ 228 ion was more intense in the spectra of compounds substituted 
on the heterocyclic ring than for those substituted on the aromatic 
ring. The reason for this difference is not known.
A characteristic feature of the fragmentation of all derivatives 
is the ease with which the heterocyclic ring is cleaved producing a 
positively charged hydrocarbon fragment and a neutral fragment con­
taining the nitrogen atom, the 3-carbon atom together with the sub­
stituent at this position and the trifluoroacetyl group. This type 
of process accounts for major ions in the spectra of all the tetrahydro-
methylquinoline derivatives. A similar mode of fragmentation has been
100, 105
previously observed in the breakdown of tetrahydroisoquinolines,
100 106 
tetralins, and tetrahydro-2-carbolines and has been attributed
99
to a retro-Diels-Alder type process. Thus, in the spectrum of
N-trifluoroacetyl-l,2,3,4-tetrahydro-4-methylisoquinoline an ion at 
np(e 118 is formed which is only of slightly lower intensity than the 
base peak:-
CH
‘COCF.
m/e 243
H
m/e 118
H
+ ch2=ncocf3
-117-
The composition of the fragment at m/e 118 has been confirmed 
by an accurate mass determination (Found : 118.0770. Calc, for 
C9H10 : 118.0782). An ion of similar structure is formed by those 
derivatives substituted on the aromatic ring e.g. for the 6-methyl 
derivative:-
I.+ «tt .+
n/e_ 243
COCF
m/e 118
+ ch2=nhcocf3
This transition is confirmed by the appropriate metastable ion (Found
m/e 57.5. Calc, for 243 -+ 118 : m* 57.4).
An accurate mass determination on the m/e 118 ion of the 6-methyl
derivative confirmed the composition of the ion to be C H .  (Found
7 XU
118.0765. Calc, for C ^ H ^  : 118.0782.) The spectrum of the 1- 
methyl derivative does not however contain an ion at m/e 118. This 
is due to the preferential loss of CH^* from the molecule forming a 
stable ion at m/e_ 228.
The analogous ion in the spectrum of the 3-methyl derivative is 
found at m/e 104. This is because the methyl substituent is on the 
carbon atom which forms part of the neutral fragment i.e.
H
H
m/e 104
The transition is confirmed by the appropriate metastable ion (Found : 
m/e 44.5. Calc, for 243 104 : m* 44.5).
An accurate mass measurement on the m/e 104 ion of the 3-methyl 
derivative has confirmed the composition to be CgHg. (Found : 104.0615
CH
COCF.
m/e 243
+ CH CH=NC0CF„ 
3 3
Calc, for CgHg • 104.0626). An ion of low intensity at m/e_ 104 
is also found in the spectra of the other components in the 
tetrahydroisoquinoline series. The structure of the fragment is 
probably of a tropylium ion type:-
CH
- c2h4ncocf
m/e 243
.+
CEL +
m/e 104
An ion of varying intensity at m/e 131, is evident in the spectra 
of all derivatives in the tetrahydroisoquinoline series. An accurate 
mass measurement on the ion from the 6-methyl derivative showed it to
be of composition C-^ qH.^. (Found : 131.0857. Calc, for C ^H ^ :
131.0860). Therefore the mechanism involves a formal loss of
NHCOCF^ from the molecular ion and a possible mode for this fragmen­
tation is given below, although the transitions shown are not supported 
by metastable evidence.
CH
N
COCF
m/e. 243 m/e 174
+ CF,
CH
-119-
CH, CH
OH H
m/e 131
H
H
H + :N^C-0H 
H
The stability of the ion is probably due to the possible 
formation of a structure in which the charge can be delocalised in 
the aromatic ring:-
CH
rv "O
1 + \
K  0
An ion is also exhibited at m/e. 130 and accurate mass measurement 
showed it to be due to a fragment of composition (Found :
130.0770. Calc, for C'jQ^lO : 130.0782). A possible structure 
for the ion is shown below. It is formed by loss of M^^OCF^ from 
the molecular ion although the mechanism of formation is not clear.
.+
COCF,
CH
+ NH2.C0CF
m/e 243 m/e 130
Another fragment common to all tetrahydro-methylisoquinoline
derivatives, at m/e 115, was found to have a composition of C H by
7 (
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an accurate mass measurement on the ion from the 1— and 3—methyl
compounds. (Found 115.0559 and 115.0529. Calc, for C_H_ : 115.0546),
9 7
A possible structure for the fragment is shown below; the structure 
is most likely to be derived by loss of a methyl radical from the 
m/e 130 ion although the appropriate metastable ion for the transition 
is not exhibited:-
CH.
m/e 130
-CH3*
“7*"
+
m/e 115
The mass spectrum of N-trifluoroacetyl-1,2,3,4-tetrahydro-3-
methylisoquinoline contains an ion at m/e 215 which is not formed by
any of the other tetrahydroisoquinolines studied. An accurate mass
measurement on this ion shows it to have a composition of C^HgNOF^,
i.e. formal loss of C_H (Found : 215.0530. Calc, for Cnr.H N0F_ :
4 1U o 3
215.0555). The probable mechanism involves cleavage of the hetero­
cyclic ring either side of the 3-carbon atom, which is followed by 
the formation of a 5-membered ring.
i.e.
.CH
- C H
COCF.
m/e 243
1
COCF,
m/e 215
As in the spectra of the tetrahydro-methylquinoline derivatives, 
the three ions of low intensity at m/e 91, m/e 77 and m/e 69 are also
the
exhibited by the tetrahydro-methylisoquinoline compounds. As before
+
7
+
m/e 69, CF ■
se are due to; n/e^ 91, ^7^7
m/e 77, C6Hc
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The m/e 146 and m/e 174 ions due to loss of C0CFo • and CF0 •_/ _  —  —  3 3
respectively from the molecular ion are generally of only minor 
intensity in the spectra of the tetrahydro-isoquinoline derivatives.
In fact the spectrum of the 4-methyl compound is devoid of both ions 
and the spectra of the 1- and 8-methyl compounds contain only the 
ion at m/e 174. This is in contrast to the spectra of the tetrahydro- 
methylquinoline derivatives which exhibit strong (M-COCF^) ions.
The main reason for this difference is the ease with which the iso­
quinoline compounds undergo cleavage of the heterocyclic ring under 
electron impact, resulting in the formation of positively charged 
hydrocarbon fragments and neutral trifluoroacetamido- fragments.
Thus in the isoquinoline series the COCF^■ group generally forms part 
of the neutral fragment and strong ions due to loss of CF^* and COCF^* 
are not seen.
N-Trif luoroacetyl-2,3-dimeth.ylindoline
The mass spectrum of N-tr if luoro acetyl-2,3-dime thylindo line 
resembles in many aspects the spectra of the tetrahydro-methylquinoline 
derivatives, i.e. a strong molecular ion, intense ions at m/e^ 228, 
m/£ 146, m/e 131 and m/e 130 and smaller ions at m/e 91, m/e_ 77 and 
m/<3 69.
The base peak in the spectrum, at m/e 228, is formed by loss 
of a methyl radical from the molecular ion:-
COCF,
COCF,
m/e 243 m/e 228
The ion at m/e_ 228 is particularly intense since loss of either 
methyl group produces a stable structure:-
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CH.
CH
COCF,
-CH
3 V 
— 7 “
CH
COCF,
c h ,
3
.+
-CH
COCF,
COCF
,[
The ion at m/e_ 146, due to (M-COCF^) , is more intense than the 
(M-CF^) ion at m/e 174y this is not generally found in the breakdown 
of trifluoroacetyl derivatives although a similar effect was noted in 
the spectra of most of the tetrahydro-methylquinoline derivatives.
An explanation for this is the stabilising effect of delocalisation ,
of the positive charge in the aromatic ring.
i.e.
-COCF_.
n /^'CH,
COCF, m/e_ 146
m/e 243
Another possible way of stabilising the fragment is by hydrogen 
rearrangement to the nitrogen atom:-
N ^ ^ C H
/e 146
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An ion at m/e_ 174 is present in the spectrum which is formed 
by loss of CF^* from the molecular ion; a process which has been 
evident in the breakdown of most trifluoroacetyl derivatives studied.
An accurate mass measurement on the ion at m/£ 131 show! it to 
be due to a fragment of composition ^ H ^ N  (Found : 131.0733. Calc, 
for C^H^N : 131.0734). The structure of the fragment is probably 
as shown below and is most likely to be formed by loss of COCF^* and 
CH^* from the molecular ion in a similar way to that described for 
the m/e 131 ion of the tetrahydro-methylquinoline derivatives. Also, 
as before, there are two possible fragmentation pathways and no 
metastable evidence to indicate the more favoured mode:-
N
COCF,
m/e 243
-COCF,
m/e 146
COCF,
-COCF,
V
-CH,
m/e 131
CH,
m/e 228
An accurate mass measurement on the m/e 130 ion showed it to
be due to a fragment of composition CnH QN (Found : 130.0645. Calc.
y o
for C^HgN : 130.0656). A protonated quinoline structure is possible
for the m/e 130 fragment and this can arise in a similar way to that
103
described by Budzikiewicz et al. in the fragmentation of 2-
methylindole. In this case the m/e 130 fragment is probably formed
-124-
by loss of a hydrogen atom from the m/e_ 131 fragment although the 
appropriate metastable ion for the transition is not observed.
.CEL
m/e 131 H
m/e 130
Further fragmentation from the m/e 130 ion produces the ions at 
m/e 103 and m/e_ 77 by loss of hydrogen cyanide and acetylene; again 
in the same way as described by Budzikiewicz et al. 
i.e.
103
m/e 130
/e 103
-HCN
+
C6F5 
m/e 77
+ HC = CH
/e 103
An accurate mass measurement on the m/e_ 105 ion showed it to be due 
to a fragment of composition C H (Found : 105.0709. Calc, foroy
CgH^ : 105.0702). A possible formula and mechanism of formation 
for the m/e 105 fragment is shown below
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NCH.
CH
N+
• •
m/e 146
m/e_ 105
This is the same mechanism as that proposed by Budzikiewicz et al.
for the expulsion of HCN from the m/e 130 ion in the spectrum of 2- 
103
methylindole.
An unusual feature of the spectrum is the high intensity of the
/ 4*
m/e 69 ion. This ion is due to the fragment CF^ and it is usually
only of low intensity since the^charge would normally be expected to
be retained on the nitrogen containing section of the molecule.
There is no apparent reason for the high intensity of the m/e. 69 ion
from this compound although a similar phenomenon is also seen in the
breakdown of 2-ethyl-N-trifluoroacetylindoline.
2-Ethyl-N-trifluoroacetylindoline
The mass spectrum of 2-ethyl-N-trifluoroacetylindoline is very 
similar to that of the dimethylindoline compound previously discussed. 
The main distinguishing feature is the presence of an ion at m/£ 214 
in the spectrum of the ethyl derivative which is not exhibited by 
the dimethyl derivative. An accurate mass determination on the 
m/e 214 ion showed that it is formed by loss of C2Hj_* from the molecular 
ion. (Found : 214.0649. Calc, for C^qH^NOF^ : 214.0679);
,126-
-C2H5-
N /  CH.CH 
2 3
COCF_
7*“
COCF.
m/e 243 m/e 214
Many of the other ions in the spectrum are also exhibited by 
the dimethylindoline derivative. Thus the compound exhibits a 
strong molecular ion and a base peak at m/e_ 228, formed by loss of
CH^* from the molecular ion:-
-CH_ .
CH_CH
COCF, COCF,
m/e 243
t
N < ^ C H
COCF.
m/e 228
There is an intense ion at m/e 146, due to loss of COCFy from
the molecular ion; this is a further illustration of the effect of
delocalisation of the positive charge in the aromatic nucleus leading
to an ion of enhanced stability.
Accurate mass measurements on the m/e 131 and m/e_ 130 ions showed
that they are due to fragments of composition C^H^N and C^HgN
respectively. (Found : 131.0740 and 130.0649. Calc, for C^H^N :
131.0734. Calc, for CJHqN : 130.0656.) Possible structures and
9 o
formation mechanisms for the two ions are shown below:-
-127-
-CH .
i f V ' C H  CH
I J
COCF
4
m,/e 243
-H1
-4
•n < ^ ch •
. + ^
t
m/e 130
I
H
COCF,
m/e 228
-00C F .
N / ^ C H  
.+ 3
m/e 131
As described previously, the m/e 130 ion further decomposes to 
form the m/e 103 and m/e 77 ions
m/£ 130
H
C2H2 + C6H5
+
m/e 77
4
■>*
Y
-HCN
/ ~ v
m/e 103
As found in the spectrum of the dimethyl compound, the ion at 
m/e_ 69 is unusually intense; again there is no clear reason for this
-128-
5-Ethy1-N-trifluoro ac etylindoline
The behaviour of this compound under electron-impact is dissimilar 
to that of the two indoline derivatives discussed previously. The 
main difference is the absence of any of the strong ions due to 
hydrocarbon, and carbon hydrogen and nitrogen,fragments -which are 
formed by the other indoline derivatives studied. 5-Ethyl-N- 
trifluoroacetylindoline exhibits a strong molecular ion and a base 
peak at m/e_ 228, which is formed by loss of a methyl radical from the 
molecular ion. The stability of this fragment can be attributed to 
the formation of a ’tropylium' ion type structure:-
CH3CH2
m/e 243
COCF
.+
CH
COCF
m/e 228
.+
+ CH,
■CH2 ^ N
.+
COCF
I
COCF,
m/e 228
As found for the other indoline derivatives the m/e 146 ion 
(M-COCF^) is more intense than the ra/e_ 174 ion (M-CF^) although both 
ions are of only minor intensity compared to the base peak. The 
fragment due to (M-COCF^) is, as found for other trifluoroacetyl 
derivatives of compounds with the nitrogen atom a- to the aromatic 
ring, stabilised compared to the m/e_ 174 ion by delocalisation of the 
positive charge in the aromatic ring. The other ions in the spectrum
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are of low intensity. The fragments at m/e_ 130 and m/e 77 are 
probably due to C^HgN and respectively and have similar structures
to the same ions in the spectra of the other indoline derivatives.
Comparison of the mass spectra of the three indoline trifluoro- 
acetyl derivatives shows that there is a wide difference between those 
substituted in the heterocyclic ring and the one substituted in the 
aromatic. The spectra of the 2,'3-dimethyl and 3-ethyl derivatives 
are very similar with the main differences only in the intensity of 
the various ions.
N-Trif luoroacet.yl-2-phenylpyrrolidine
The spectrum of this compound is typical of trifluoroacetyl
derivatives; there is a strong molecular ion and ions due to (M-CP^)
at m/e 174, (M-C0CF3 )+ at m/e 146 and CF3+ at m/e 69 are exhibited.
The base peak in the spectrum is at m/e 91, and can be attributed to 
+
the fragment CjKj • The mechanism of formation of this ion appears 
to involve breaking two bonds to the same carbon atom. Since this 
is generally an unfavourable process, an alternative mechanism is 
proposed
+
+ C H .
COCF
COCF.
m/e 216 (not seen)
m/e 243
+ CH NCOCF
m/e 91
An accurate mass measurement on the m/e 215 ion showed it to have 
a composition of C-^HgNOF^ which corresponds to loss of C^H^ from the
-130-
molecular ion. (Found : 215.0562. Calc, for C HoN0Fo : 215.0557.)
10 o 3
The mechanism of this can occur in two ways:-
-C9H„2 4 v. t
COCF
CH + 2
COCF
m/e 243 m/e 215
The direction of cleavage of the pyrrolidine ring shown above 
will be more favoured than cleavage in the opposite direction;
-C2H4
COCF
I
C0CF;
m/e 243 '^m/e_ 215
§ince the former case a secondary radical is formed compared
to a primary radical in the latter.
An accurate mass measurement on the m/e 104 ion showed the
presence of a doublet; the major peak had a composition of
and the minor peak was found to be due to C H , (Found : 104.0498
o o
and 104.0596. Calc, for C_ELN : 104.0499. Calc. for C0H0 : 104.0624.)I O o.o
Possible mechanisms for the formation of both fragments are shown
below
•COCF.
COCF
m/e 243
-*-^ 6
C6H5
+ -HCN
- f —
-C_H
C H — N:
m/e. 77
m/e 104 (C„H,N)
_ I O
-131”
COCF
m/e 243
■ +
2 + C_H NC0CFo
2 4 3
m/e 104 (CgHg)
By comparison of the intensity of the two ions on the peak-matching 
unit, the fragment due to C^H^N was found to be the more favoured by 
an approximate 10:1 ratio.
The fragment at m/e 166 is formed by loss of the phenyl ring 
from the molecular ion by C a - C p cleavage.
m/je 243
COCF.
+
COCF
n/e 166
N-Trifluoroacetyl—2-cyclohexylpyrrolidine
The mass spectrum of this component is relatively simple. The 
base peak, and only major ion, is at m/e 166 which is formed by loss 
of the cyclohexane ring from the molecular ion:-
COCF
7 ~  K  +
, ,,,iocF.
m/e 166 3m/e 249
The spectrum also exhibits a small molecular ion and ions at 
m/e_ 180 due to loss of CF^* and m/e_ 69 (CF^ ). All other ions in 
the spectrum are of low intensity compared to the base peak.
-132-
5-Trifluoroacetoxy-l-methylindole
The mass spectrum of this component is unlike that of other
58
O-trifluoroacetyl derivatives studied in that there is no
+ +
strong molecular ion, and no ions due to M-COCF or M-CF-. The
3 3
molecular ion is completely absent from the spectrum and the ion of 
highest mass is at m/e_ 228 which is formed by loss of CH^* from the 
molecular ion:-
OCOCF
CH.
3m/e 243
OCOCF.
-CH •
— V
m/e 228
OCOCF.
The only ion of major intensity in the spectrum is at m/e 132.
An accurate mass measurement on this ion showed it to have a compo­
sition of CqH,N0. (Found : 132.0468. Calc. for C J L N O  : 132.0448.) 
o o 8 6
The fragment is thus formed by loss of CH^COCF^ from the molecular
107
ion. Since the expulsion of CH^* has been shown by Meyerson,
108
and by Bowie et al., to be an extremely unlikely process, the
mechanism of forming the m/e 132 ion is not clear. A possible struc­
ture for the fragment is shown below:- o
^ m/e 132
The fragment at m/e 10-5 is probably formed by loss of HCN from the 
m/e_ 132 fragment; this type of process has been previously observed
by Budzikiewicz et al.103 in the fragmentation of 2-methylindole:-
-133-
N-Trifluoroacetyl-5-methoxyindole
The fragmentation pattern formed by this compound is typical of 
the trifluoroacetyl derivatives previously studied. A strong molecular 
ion is exhibited, which is also the base peak, together with ions at 
m/e 174 (M-CF3)+ , m/e 146 (M-COCF3 )+ and m/e 69 (CF3 )+ . Ions are 
exhibited at m/e 159 and m/e 131 which can be attributed to loss of 
a methyl radical from the m/e 174 and m/e 146 ions respectively. The 
transition from m/e 174 to m/e 159 is confirmed by a metastable ion 
at m/e 145.5. (Calc, for 174 159 : m* 145.3.)
m/e 174 m/e 159
-134-
N-Trif luoroacetyl-2,3-dihydro-4-oxoquinoline
The mass spectrum of this component exhibits a base peak at 
m/e 243 (the molecular ion) and the usually found ions for trifluoro- 
acetyl derivatives due to M-CF^* (m/e 174), M-COCF^* (m/e_ 146) and 
CF^ (m/e 69). In 1 ine with the spectra of other compounds in which 
the derivatised nitrogen atom is a — "to an aromatic ring, the m/e 146 
ion is more intense than the ion at m/e 174. In fact it is the 
second most intense ion in the spectrum. As with the other compounds 
studied the stability of the m/e 146 ion can be attributed to 
delocalisation of the positive charge in the aromatic nucleus:—
0 0 0
COCF
m/e_ 243 m/e 146
Unlike other trifluoroacetyl derivatives studied, the spectrum 
of this compound contains an ion at n/_e 242 due to loss of a hydrogen 
atom from the molecular ion; the transition is confirmed by the 
presence of a metastable ion in the spectrum. (Found : m/e 241. 
Calc, for 243 -> 242 : m* 241.0.)
0 0
COCF.
COCF
An accurate mass measurement on the ion at m/e 215 showed that 
it is made up of two fragments, with intensities in a ratio of 10:1 .
The major fragment is formed by removal of C2H^ from the molecular 
ion and the minor fragment is formed by loss of -CO from the molecular 
ion. (Found : 215.0189 and 215.0561. Calc, for C ^ N O ^  : 215.0194.
-135-
Calc, for C^^HgNOF^ : 215.0556.) The fragment due to loss of O^H^ 
from the molecular ion is formed by a retro-Diels-Alder mechanism:-
7-
m/e 243
COCF,
m/e 215
+
''‘COCF,
+ C2H4
Loss of CO from the molecular ion is probably followed by formation 
of a five-membered ring to produce an indoline type structure:-
+ CO
m/e 243 COCF, , COCFm/e 215 3
A metastable ion in the spectrum confirms the transition from 
m/e_ 243 to m/e 215. (Found : m/e_ 190. Calc, for 243 ~^ 215 : 
m* 190.2.)
An ion of low intensity is found at m/e 118 which can be formed 
by loss of COCFy from the m/e_ 215 ion. Since there are two fragments 
at m/e_ 215 the m/e_ 118 ion could be derived from either or both 
fragments;
(a)
(b)
m/e_ 215
.+
\ COCF,
m/e 118
+ COCF •
+ COCF,
COCF,
m/e 215
m/e 118
-136-
Path (b) is the more likely since the structure formed can be 
stabilised by delocalisation:-
N-Trifluoroacet.yl-3,4-dih.ydro-2-oxoquinoline
The base peak in the spectrum is at m/e 243 (M ) and the only 
other major ion is at m/e 146 which is formed by formal loss of 
COCF^ . Delocalisation of the positive charge from the a -nitrogen 
atom is, as described for similar compounds, the reason for the 
stability of this fragment. Other ions present at low intensity 
are found at m/e 174 (M-CF^) and m/e 69 (CF^) i.e. typical fragments 
in the spectra of trifluoroacetyl derivatives. The fragment at 
m/e 215 has two possible structures, which are shown below as 
structures (a) and (b):-
COCF, (a)
m/e 215
.+ + CLH N* ' 2 4
^  cocf3
m/e 243
COCF
m/e 243
(b) COCF
m/e 215
+ CO
-137-
The m/e 215 ion is probably made up of both fragments although 
the major part is likely to be due to (b) since the formation of a 
five-membered ring is more favourable than a four-membered ring.
The m/e 118 ion is likely to be formed by loss of COCF^» from
the m/e 215 ion:-
m/e 215
COCF.
m/e 118
+ COCF,
or,
COCF,
m/e 118
+ c o c f 3 •
m/e 215
4-Trifluoroacetoxy-l,2-dihydroquinoline
The spectrum of this compound exhibits a strong molecular ion 
and a base peak at m/e_ 146 which is formed by loss of COCF^* from the
molecular ion.
OCOCF. O'
.+
H
+ COCF,
m/e 243 ro/§. 146
The m/e 146 fragment can be stabilised by a hydrogen rearrangement 
O' ' 0
An ion is exhibited at m/e 147; however no reasonable structure 
could be found for this fragment. The formation of one possible 
structure involves loss of CF^* and from the molecular ion.
Since this entails the cleavage of a carbon-carbon double bond the 
mechanism is not likely. •
Among the ions of low intensity in the spectrum is one at m/e 215 
which is probably formed by loss of CO from the molecular ion:-
OCOCF, OCF
+ CO
m/e 243
The loss of CO from ()-trifluoroacetyl derivatives has been previously
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reported by Saxby. An unusual feature of the spectrum is the
absence of an ion at m/e 174 due to loss of CF^ from the molecular 
ion.
N-Trif luoroacetyl-3-meth,ylphthalimidine
The presence of five metastable ions in the spectrum of this 
compound help to elucidate the fragmentation paths and hence the 
structure of various ions.
The molecular ion is the base peak in the spectrum and the 
second most intense ion is formed by loss of a methyl radical from 
the molecular ion:-
CH.
COCF,
m/e_ 243
COCF.
m/e_ 228
+ c h  •
The presence of a metastable ion showed that the fragment at m/e 200 
is formed from the ion at m/e 228 (Found : m/e 175.5. Calc, for
-139-
228 —>■ 220 : m* 175.4). This can be attributed to loss of CO
from the m/e_ 228 fragment
COCF,
+ CO
COCF,
3 "  3
m/e 228 m/e_ 200
A metastable ion at m/e 149.5 indicated that fragmentation from 
the m/e 200 ion gives rise to the m/e 173 ion (Calc, for 200 173
m* 149.6). A plausible mechanism for this transition is loss of a 
HCN molecule from the m/e 200 fragment resulting in the formation of 
a 'trifluoroacetylphenyl' fragment at m/e_ 173:-
m/e 200
.+
COCF,
COCF
-HCN
+
COCF. 
m/e 173
Fragments due to (M-CF^)+ and (M-C0CF^)+ commonly found in the 
spectra of trifluoroacetyl derivatives are also exhibited in the 
spectrum of this compound. Two metastable ions indicate transitions 
from m/e 243 m/e 146 (Found : m/e 87.5. Calc, for 243 146 :
m* 87.7) and m/o 174 — m/e 146 (Found : m/e 122.5. Calc, for 
174 146 : m* 122.5). There are two possible ways to lose CO
from the m/e_ 174 ion:-
-140-
COCF
m/e 243 /e 174
-COCF
, :N+
COCF
m/e 243 m/e. 146 m/e_ 146
A metastable ion at m/e 98.5 indicated a transition from m/e 174 
to m/e 131 (Calc, for 174 — 131 : m* 98.6). This can probably be 
attributed to expulsion of CH^CO to form an'isoxindole' type structure
/e 243
+ CO + CH •
•f" “f*
The fragments at m/e^ 69 (CF^ ) and m/e 77 ) have been
observed in the breakdown of most of the other compounds studied in 
this section.
4. iii. Mass spectra of authentic N-trifluoroacetyl derivatives 
The series of standard trifluoroacetyl derivatives have been 
divided into sub-groups for discussion. The mass spectra of all 
compounds discussed in this section are given in Appendix 3.
(a) -C Alk.ylamine derivatives
All of the trifluoroacetyl derivatives studied in this section
show ions at m/e 69 (CF^ ) and(M - 69) . A peak due to COCF^ is
\ +
not observed and the corresponding (M - COCF^) ion is sometimes
seen as a low intensity ion but is generally not exhibited. The
intensity of the molecular ion is generally low. The fragment
ion giving rise to the base peak of most of the derivatives is
formed by cleavage of the C a - Cpbond; this is a process which
has been previously observed to produce stable fragments in the
102spectra of compounds containing heteroatoms. , Thus the base 
peaks from the derivatives of t-butylamine, sec-butylamine, 
n-butylamine, N-methyl-N-n-propylamine and N-methyl-N-iso-propylamine 
all arise in this way:-
.+ v +
CH3CH2CH2CH2-NH-COCF3 ------------- CH2=NH-C0CF3 + CH3CH2CH2 *
m/je 169 m/e 126
The composition of the m/e 126 ion was confirmed by an accurate 
mass measurement (Found: 126.0156. Calc, for C3H3N0F3 : 126.0166).
Another example of this type of fragmentation is:-
  CH^J . CH.CH = N-COCF,
3 > N +-C0-CF,  >- 3 ' 3
C H f  3 CH3
m/e_ 169 e/®. 3-54
The spectra of two compounds in the series in which this type 
of fragmentation does not produce the base peak still contain major
-142-
ions due to C a- Cp bond cleavage. Thus the derivative of sec-
down to m/e 29.
Therefore the homologous series of trifluoroacetamides readily 
lose an alkyl group and it is apparent that C a - C p bond cleavage 
is most favourable. However loss of alkyl groups is not confined 
to this process and depending on the structure of the original 
amine various neutral alkyl fragments are lost from the molecular 
ion. For example the spectrum of the n-butylamine derivative 
contains ions due to successive loss of CHj-(m/e_ 154), CH^CH^- 
(m/e 140) and CH^CH^CH^- (m/e. 126) from the molecular ion. The 
spectrum of the iso-butylamine derivative does not exhibit an 
intense ion due to loss of CH^CH^- from the molecule since the 
structure of the original alkylamine makes the transition impossible 
without a rearrangement reaction. Since this type of reaction is 
generally unfavourable, the ion from this process is of low intensity 
( ]E9Q 0.2$). The presence of metastable ions in the spectra of 
some of the components studied have shown that some fragments, formally 
due to loss of an alkyl group from the molecular ion, are formed by 
loss of an unsaturated alkyl group from a fragment ion. Thus the 
spectrum of the sec-butyl compound contains a metastable ion at 
m/e 103 (Calc, for 154 — b 126 : m* 103.1), indicative of the
fragmentation:-
butylamine exhibits a strong
derivative of diethylamine a strong ion at m/je 154
$ etc. indicates the percentage of the total ion current
H +
COCF.
>  CH =NH-C0CE_ + C H
m/je 154 m/e 126
-143-
Similarly the spectrum of the diethylamine derivative contains a 
metastable ion in the same position; the ease of this fragmentation 
is probably explained by the fact that it can occur through a six- 
membered transition state typical of a McLafferty rearrangement.
+ COCF,
i.e. CH CH v .+ _ ^  3 , ,
3 2  ,NCOCF ------------------2 “ N \  + 3
3 CH^CH.
then
CH3CH2' 2 3
m/£ 169 m,/e 154
f  3
V - ^ 0  + I
I \  yr  ch2=n=c-cf3 +■ c2h4
2\ c h  ^
2 MT N k  + OH
' ' + II
CH2=NH-C0-CF3 CH2=N-C-CF3
m/e 126 / 10/
-  m/e 126
The process of C a - C ^  bond cleavage followed by a McLafferty
109
rearrangement has been observed by Budzikiewicz et al. in the
fragmentation of tertiary amines although it has been pointed out by 
Djerassi et al., ^ that the McLafferty rearrangement of an even— 
electron ion (e.g. the product from C a - C p cleavage) is generally 
less favourable than that of an odd-electron species (e.g. a molecular 
ion). Further examples of C a - C p cleavage followed by McLafferty 
rearrangement are given in the later discussions on the derivatives 
of C^, C^, cycloalkyl and cyclic amines.
The base peak in the spectrum of the iso-butyl compound is found 
at m/e 56; this ion is also found at a lower intensity in the spectra 
of the n-butyl, sec-butyl and t^butyl derivatives. The probable
-144-
mechanism for forming the ion involves a McLafferty rearrangement
of the molecular ion in which the positive charge is transferred to
56 59
the alkyl chain, as proposed by Saxby and by Zeman et al.
e.g. for the iso-butyl derivative:-
Cf3
H e ,
\  <  5 ^ o - + m  ,
N N 3 \    1 ?H
I \  f  ------------b ^  C - CH0 + NH=C-CF„
CHi >  ( H CH3^  2 3
c
CH3^  ^  CH3 m/e 56
m/e 169
A similar mechanism holds for the other butyl derivatives.
This type of fragmentation is also evident in the C^, and cyclo- 
alkyl series of trifluoroacetamides and in the aliphatic series of 
N-perfluorobenzamides discussed later. The mass spectra of the 
derivatives of N-methyl-N-n-propylamine and N-methyl-N-isopropylamine 
exhibit fragments at m/e 42 due to this type of process.
i.e. cf3
CH.
5 * 0 ’ +s
r2 1 1 H
" -CH /  m/e 42
ch3
 j . +  9 H
b  CH = CH-CH I .+ CH N=C-CF
« j J D
m/e 169
Similarly the iso-propyl derivative produces a fragment at 
m/e 42 having the same structure as shown above. The two ions at 
m/e 42 are of relatively low intensity; thus generally it seems that 
the ease with which the positive charge is transferred to the alkyl 
chain is inversely dependent on the length of that chain but there are
-145-
exceptions.
The spectra of the iso-butyl and n-butyl derivatives exhibit
ions of high intensity at m/e_ 127. An accurate mass determination
on the ion from the iso-butyl derivative shewed that it -was due to
a fragment of formula C^H^NOF^. (Found: 127.0270. Calc, for
CqHcN0Fo : 127.0250).
3 5 3
The fragment is formed by loss of an alkene from the molecular
59
ion, as proposed by Zeman and Virotama. This is in contrast to
the formation of the m/_e 126 ion, by C a “ O p  bond cleavage, which 
involves loss of a radical from the molecular ion, i.e.
An ion of varying intensity at m/e_ 114 is found in the spectra
An accurate mass measurement on the fragment from the isobutyl
114.0174. Calc, for C^H^NOF^ : 114.0166). The fragment probably
arises by a rearrangement process similar to that proposed by
:CHCHo-NH-C0CF. + CH -NH-COCF.
m/e 127m/e 154
of most of the C^ derivatives, e.g. for the isobutyl derivative the
intensity is /L00 4.1$ whereas for the diethyl derivative 0 .2$
29 29
derivative showed it to have a composition of C0H NOF (Found :
2 3 3
Saxby ^
r.v n .+
H
m/je 169
J+0H 
m/e 114
CF3-£-NH2
-146-
A metastable ion at m/e 89 in the spectra of the iso-butyl, 
n-butyl and diethyl derivatives indicates a transition from m/e 126 
m/e 106 (calc. : m* 89.2 ) which probably corresponds to loss of 
HF from the m/e 126 ion. A further ion at m/e 78, in the spectra 
of most derivatives, corresponds to loss of 28 mass units from the 
m/e 106 ion and can be explained as loss of CO, to form the ion
.j.
C2H2NF2 . The composition of the m/e 78 ion was confirmed by 
an accurate mass determination (from the iso-butyl derivative). 
(Found: 78.0148. Calc, for C H NF : 78.0155.)
This is in agreement with previous work by S a x b y ^  and by 
59
Zeman et al.. , who have also observed ions at m/e 106 and m/e_ 78 
in the spectra of alkyl trifluoroacetamides. Zeman has also shown 
that the mechanism involves loss of the imino hydrogen atom, as HF, 
to form a cyclic structure for the m/e 106 fragment, 
i.e.
f - V Tf n -HF +CH„ s N --   CF,= K > CF2 --- : ►  - 2  - - X  / “ 2
u c
0 II
0
m/e 126 m/e 106
followed by loss of CO:
+ -C0 +
CH0 = N   CF --------- y  CH_ = N = CF_
2. ^  2 2 2
H m/e 78
0
m/e 106
The appearance of fragments at m/e 126, m/e 106 and m/e 78 has 
been found to be characteristic of alkyltrifluoroacetamides, and 
further examples of this process are given in the C^ and C^ sexass of 
derivatives. The ion at m/e 106 is occasionally not seen even though
-147-
the m/e 126 and m/e. 78 ions are present, e.g. in the spectrum of 
the iso-butyl derivative. Thus in these cases the m/e 106 ion 
probably is formed but quickly breaks down to the m/q 78 ion.
Loss of IIF from the fragment at m/e 114 produces an ion at m/e 94.
A fragment at m/e 110 is found in the spectra of the N-methyl- 
N-n-propyl and N-methyl-N-iso-propyl derivatives and a metastable 
ion in the spectrum of the former indicates that it is formed from 
the ion at m/e_ 140 (Found: m/e 86.5. Calc, for 140— $-110 : m* 86.4).
An accurate mass measurement on the ion showed it to have a molecular
formula of C ^ N F ^  (Found : 110.0216. Calc, for C H NF ' : 110.0217).
The m/e 94 ion is exhibited in the spectra of all the derivatives 
containing an ion at m/e 114, and has been previously observed by 
Saxby.56
i.e. +
H CF3 
m/e 114
NH„ -C = 0 
I 2 I
m/e 94
The ion at m/e. 140 has been shown to be produced by C a - C p bond 
cleavage i.e. loss of CH^CH^- from the molecular ion. Thus the 
composition of the m/e 110 ion indicates loss of CH^O from the ion 
at m/e 140. This can only be achieved by a complex rearrangement 
for which there appear to be three possible mechanisms:
K.\
H
m/e 140
C - OH
t
CH20 +(a) CH2=S=CH-CF3 
m/e. 110
"148
(ii) CEL .+ .
I N-C
\  /  H
CH„ 0
'-AH ^
CF,
m/e 140
?H2 s y ~ ^ CF3
1 N - C *'
CH,
/  V-\
OH
CH
2\*+
X  3
■>“ I ~^N-CF
? ! >
H
+ C - OH
(iii) CH
3 \  +
N = C 
I 'n VI
C H 2* °*
m/e 140
/CP3
CH,
CH 0 + (b) I ^  - CF,
2 CH 3
m/e. 110
>  “(c) CH0 - N = C - CF0 + CH 0 
3 —  j 2
m/e 110
Structure (b) is probably least likely since it involves the
formation of a three-membered ring containing a double bond which is
62 '
an unfavourable process. Kamei et al . have reported an m/e 110
ion in the spectra of the trifluoroacetyl derivatives of ephedrine, 
methylamphetamine and methoxy phenamine and have proposed structure 
(c) for the fragment.
The mass spectra of the n-butyl and iso-butyl compounds exhibit 
a strong ion at m/e 58, T OQ 3.2% and Y 00 7.1% respectively. A
d y  d y
metastable ion in the spectrum of the iso-butyl compound shows that 
the m/e 58 ion is formed by fragmentation from the m/e 127 ion. 
(Found: m/e 26.5. Calc, for 127— *^58 : m* 26.5). This corres­
ponds to loss of 69 mass units and can be explained by expulsion of 
CF • :-
"149”
.+ +
CH. - NH - CO - CF,  CH. - NH = C = 0 + CF„-
3 3 3 3
m/e 127 m/e 58
A similar type of fragmentation is likely to apply to the 
formation of the ion at m/e 57 in the spectra of the same two com­
pounds but with the loss of CF^ from the m/e 126 ion:-
+ + , ^ N H .  «+
i.e. CH2=NH-CO-CF3 ----^  CH2=NH-C=0  ^  CH2 — —  C=0
m/e 126 is/il 57 is/® 57
Accurate mass measurements on the m/e 58 and 'm/e 57 ions confirmed 
the composition of the two fragments (Found : 58.0302 and 57.0212.
Calc, for C ^ - N O  : 58.0292. Calc, for C ^ N O  : 57.0214).
A metastable ion at m/e_ 91 in the spectra of the sec-butyl 
and diethyl derivatives corresponds to a transition from m/e 93 —  ^
m/e 92 (Calc, for 93 — >* 92 : m*91.0). A further metastahle ion
shows that the m/e 93 ion is derived from the m/e 140 ion, (Found : 
m/e 61.5. Calc, for 140 — 93 : m* 61.8), which corresponds to 
loss of C^CHF-
• .+ —.. j.+
CH CH - NH - COCF --- — CH CHF * + NH - CO - CF *
3 3 3 ,  2
m/el40  1- +
N H ------- CF2
m/e 93
The m/e 92 ion is then formed by loss of a hydrogen atom, i.e. -
00 I *+ v / c° ~ |
+
^  \  — ----Y- /  \  + H *
NH— CF2 ^  N   CF2
+
m/e 92
-150-
/ 56An ion at m/e_ 92 was observed by Saxby in the spectra of
various alkyl trifluoroacetamides; however he did not observe the
m/e 93 ion and he suggested a cyclic structure for the m/e 92 ion
i.e. ^ co\  | + •
N ------   CF2
A closer inspection of the intensity of the ion due to (M-CF^) 
in the spectra of all the derivatives revealed an apparent relation­
ship between the intensity of the ion and the degree of branching of 
the alkyl chain. The trend indicates that the loss of a CF^ radical 
becomes less favourable with increased branching of the alkyl chain. 
Thus the intensity of the (M - CF^) ion for the t-butyl derivative
is /Loo 0.9$ but that of the corresponding ion from the diethyl 
29
derivative is £ ^ 9  5.2$. The overall effect throughout the series 
is shown in Figure 16 where the intensity of the (M - CF^) + ion as
percentage of the total ion current down to m/e 29 is plotted against
the various derivatives in an approximate order of decreasing
branching of the alkyl chain. Figure 16 shows that there is a 
definite trend and a reasonably linear relation.
Cr- Alkylamine derivatives
In this section the mass spectra of ten isomeric amine derivatives 
are discussed; five derivatives of primary amines and five derivatives 
of secondary amines. Primary amines:- n-pentylamine, 2-aminopentane, 
3-aminopentane, l-amino-2-methylbutane and iso-pentylamine. Secondary 
amines:- N-sec-butyl-N-methylamine, N-iso-butyl-N-methylamine, N-n— 
butyl-N-methylamine, N-ethyl-N-n-propylamine and N-ethyl-N-iso- 
propylamine.
As found in the spectra of the derivatives, the molecular ion
is invariably of low intensity and in most spectra it is barely
H" 4*
visible. Ions due to CF^ at m/e 69 and (M - CF^) at m/e 114 are
-151-
AMrifluoroacetyl 
~ derivative of:
N - methyl-jV-n-
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diethylamme 
n -butylamine 
s~ butylamine 
i~ butylamine
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X
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6
Fig . 16. Relation between the intensity o f the (M -69)* ion and the 
degree o f branching in a p a rt icu la r compound
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generally exhibited but the intensity varies considerably.
The base peak in the spectra of all compounds except the 2-
methylbutyl derivative is formed by C a— C pbond cleavage. When it
is possible for two alkyl groups to be lost by Ca - Cp bond cleavage
then in all cases the largest possible group is lost preferentially.
This is in agreement with 'previous work on the mass spectra of
111
aliphatic amines by McL.afferty and Gohlke. . Thus Ca - Cp cleavage
of the N-ethyl-N-n-propyl derivative can form ions at m/e 168 and
154 due, respectively, to loss of CH^* and CH^CH^ from the molecular
ion. However the m/e_ 154 ion is the base peak in the spectrum
( L n 20.9$) whereas the m/e 168 ion is of low intensity ( 1 .8$).
29 29
Although Ca - Cp bond cleavage is the more favoured process, all
compounds also exhibit peaks of varying intensity due to loss of other
alkyl groups. Thus there are examples of Cp - Cy bond cleavage and
Cy - bond cleavage throughout the series. The stability of
112these fragments, as reported by Budzildewicz et al. for the frag­
mentation of alkylamines, depends on the structure of the alkyl group
but generally the intensity of the ion formed is of the order:
C a - Cp bond cleavage Cp - Cy Cy - C§
This is illustrated by the figures shown below for the n-pentyl deriva­
tive.
Fragment Bond Cleaved Intensity/ Y.™
_______________ 29
M-CH2CH2CH2CH3 C a - C p  14.7
M-CH2CH2CH3 Cp - Cy 3.9
M-CH2CH3 Cy  - C§ 1.6
M-CH Cs - C 0.9j £
In many of the spectra, fragments are formed by loss of an 
alkyl group which are not due to simple cleavage but involve a
rearrangement. The peaks formed in this way are generally of low
intensity although there are exceptions which are discussed later. 
Thus the formation of the m/e_ 140 ion in the spectrum of the 3- 
aminopentane derivative involves rearrangement of a hydrogen atom.
Ca - Cp bond cleavage. Further examples of this type of fragmenta­
tion are found in the spectra of most compounds.
Metastable ions in the spectra of some derivatives show that re­
arrangement mechanisms also occur from fragment ions as well as from 
the molecular ion. Thus the 3-aminopentane and N-ethyl-N-n-propylamine 
derivatives exhibit a metastable ion at 103.5 which corresponds to a
transition from m/e 154 —Y m/e 126. (Calc, m* : 103.3). In both
cases the ion at m/e 154 is formed by loss of an ethyl radical from 
the molecular ion (by Ca - Cp bond cleavage). The m/e 126 ion is 
then formed by loss of from the m/e 154 peak. There are two
possible mechanisms by which the second transition can occur; for the
N-ethy1-N-n-propyl derivative the loss of is energetically
favoured due to the formation of the characteristic six-membered 
transition state of the McLafferty rearrangement:-
CH-N-COCF. CH CH=NH-C0CF.
m/e 140
+
+ ch3ch2ch2 -
H
m/e 183
The ion formed by this process is only of low intensity
compared to the base peak at m/e 154 (2-29 which is formed by
e.g. m/e 183 — K  rr/e 126 for the 2-amino-pentane derivative.
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For the 3-aminopentane derivative however, the mechanism involves 
rearrangement of the hydrogen atom to the a -carbon atom for which 
the six-membered transition state cannot be formed.
Therefore
It is possible to formulate a general rule concerning the 
mechanism by which alkyl groups are lost from fragments formed by
which the alkyl chain not involved in C a - C p. bond cleavage con­
tains at least two carbon atoms, the subsequent fragmentation proceeds 
via a McLafferty rearrangement. If the compound is a primary amine
McLafferty rearrangement does not take place and further fragmentation 
proceeds via cleavage and hydrogen abstraction, (as shown above).
The reason for this is apparent if the structure of the fragment 
formed by C a - bond cleavage of the three types of derivative is 
considered.
COCF.
3
:2 = NH - cocf3 + c2h4
+
m/e 154 m/e_ 126
C a - C p  bond cleavage: for derivatives of secondary amines, in
derivative or the fragment does not contain a chain (not involved in 
C a - C p bond cleavage) of at least two carbon atoms then a
e.g.
primary amine
N-methyl secondary 
amine
other secondary 
amines
H
H .+ .COCF 
N
CH3 CH2CH3
T
cf3 
+ c .
N y  'Y  0
CH H
> 2'
CH \ .+ ✓ COCF,
3 n x
ch3 ch2ch3
Y
CF,
CH
V +
N
II
CH
"VHS11
CH CH .+ COCF 
3 ^ N  ^  3
CH
V
f  3
CH CH. + C \
cL H
^2
For the primary and N-methyl secondary amines a six membered tran­
sition state can only be formed by including a double-bond. The 
presence of the double bond precludes the possibility of further 
fragmentation proceeding via a McLafferty rearrangement. For the 
other secondary amines however, the six-membered structure can be 
formed without the inclusion of a double bond. Hence a McLafferty 
rearrangement is possible.
A further example of a rearrangement process from a fragment 
ion is given in the spectrum of the N-ethyl-N-iso-propyl derivative; 
C<x “ bond cleavage forms the m/e_ 168 fragment which then breaks 
down to m/e_ 140 by loss of C^H^. (Found : m/e_ 116.5. Calc, for 
168 — ► 140 : m* 116.7)
CH CH_
® t r v H - ^
CH,
CH
CH3CH2 
CH3CH •
+
N - COCF,
m/e_ 183 m/e_ 168
c
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Since the chain not involved in C a - C (3 bond cleavage con­
tains two carbon atoms, rearrangement to the m/e 140 ion proceeds
by McLafferty rearrangement 
CF„
LCH . + ,C ^  <?H
N CH -CH=N=C-CF + C0H
y .  /  m/e 140
CH„
" CH
3 3 2 4
 
A
2
^ +0H
11
m/e. 168 CH3-CH=N-C-CF3
m/e 140
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As noted by Saxby and by Zeman et al. , McLafferty
rearrangements have also been found to occur in the molecular ion 
of most derivatives, giving rise to a transfer of the positive 
charge to the alkyl chain, A similar type of process was noted in 
the fragmentation of the derivatives and it was also found that 
the stability of the fragment formed was dependent on the length of 
the carbon chain being expelled, i.e. C3 <\C^. In the series 
there are a variety of alkyl groups which are expelled and the stabi­
lity of the fragment formed is dependent on the length of the chain 
and the structure of the original amine. Transfer of the charge to 
a five-membered carbon chain seems to produce the most intense ions 
with transfer to three and four carbon chains less favoured. Thus 
in the spectrum of the 2-aminopentane derivative the fragment at 
m/e 70 (C^H^q*) is of intensity ^ 2 9  6*0$ whereas for the N-iso- 
butyl-N-methylamine derivative the fragment at m/e 56 (O^Hg ) is of 
intensity ^ 2 9  2.0$. The two fragments are formed by the same 
process
-157-
CF 
I 3
H « C .
N ^ J >  0 
J A  f a
CH ^  ^
3 CH
■> ch3ch=ch.ch2ch3
m/e 70
.+ OHI
+ NH=C-CF„
ch2ch3
m/e^ 183
and
CF.
I 3
ch2>  U  
\  /c
C H ^  ^ C H 3
OH
>  (ch3 )2c=ch2 I -+ + n=c-cf3
OH,
m/e 56
m/e 183
Expulsion of a three-membered charged alkyl chain occurs from 
the molecular ion of the N-ethyl-N-n-propyl ( £  2 .0$) and N-ethyl-
N-iso-propyl (^29 4.0$) compounds to form a fragment at m/jB 42.
e.g. CF3
I
CH,CH +
3 N V "  0 ‘ +
CBL
c h >  f a
^  c h .
CH.CH—CH=c7Tl .+~“3..... 2
m/e_ 42
OH
!
+ CH CH -N=C-CF
m/e 183
Other examples of this type of fragmentation process are found 
throughout the C^ series.
The structure of the original amine has a bearing on the stability 
of the fragment ion formed by this process. Thus the intensities of
-158-
the m/e_ 56 peaks (due to formed in the series (i.e. by
the derivatives of n-butylamine, iso-butylamine etc.) are more 
intense than the m/e_ 56 peaks formed in the series, as indicated 
in the accompanying Table. Included for comparison are details for 
compounds, which show a similar type of fragmentation.
Amine (as trifluoroacetyl derivative) Intensity m/e 56/£.^rt
29
n-butylamine 4.5
N-n-butyl-N-methylamine 1.4
iso-butylamine 8.9
N-iso-butyl-N-methylamine 2.0
N-iso-butyl-N-ethylamine 3.2
sec-butylamine 4.5
N-sec-butyl-N-methylamine 2.5
N-sec-butyl-N-ethylamine 3.5
The derivatives of primary amines tend to produce more intense
ions due to transfer of the charge to the alkyl chain than derivatives
of secondary amines. A possible reason for this is that the alterna­
tive fragmentation from the molecular ion i.e. C a - C (3 bond cleavage, 
is more favoured for the secondary amine derivatives due to the 
additional inductive effect of the extra alkyl group attached to the 
nitrogen atom.
i-e - H N .+ COCF / H
N  >- CH = N
c^ch(ch3 )2 .. C0CV
and CH.. .+ COCF,
3 /  3  *
/> COCF,
ch'ch(ch3 )2 j
This hypothesis is supported by the fact that McLafferty has
-159-
113indicated that an inductive effect can stabilise an ionic product. 
Further evidence for this hypothesis is given by the relative intensity 
of the ions formed by C a - C p bond cleavage of the secondary amine 
derivatives compared to the primary amine derivatives. In all cases 
the more intense ions are formed by the secondary amine derivatives.
Amine (as trifluoroacetyl 
derivative)
Intensity of ion from 
ca-cp bond cleavage/ .
n-butylamine
N-n-butyl-N-methylamine
6.0
25.6
iso-butylamine 
N-iso-butyl-N-methylamine 
N-is o-butyl-N-ethylamine
5.4
23.5
21.7
sec-butylamine 
N-sec-butyl-N-methylamine 
N-s ec-butyl-N-ethylamine
10.9
33.3
29.8
The spectra of all compounds in the series exhibit an ion 
at m/e_ 114. By accurate mass measurement this ion has been shown 
to be due to two fragments (Found (i) 114.0902 (ii) 114.0174.
Calc, for C,H NO : 114.0918. Calc, for CoHoN0Fo
6 12 2 3 3
114.0166).
Thus peak (i) is formed by loss of CF^* from the molecular ion and
peak (ii) by loss of an alkyl group and double hydrogen rearrangement
56by a similar mechanism to that proposed by Saxby.
.+
e.g. J(i) CH3 (CH2 )4NH-C0CF3 
m/e_ 183
>  ch3 (ch2)4Sh=c=o + cf3 -
m/e. 114
-JO
.+
(ii) c f 3_ c^  m
/ V - V “ 2CH2CH3
H
m:/e 183
+
OH
I
>
nh2=c -cf3 + c5h9*
m/e 114
+T
OH
NH2 - 8 - CF
m / e _ 114
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With the aid of the peak-matching unit on the mass spectrometer 
an estimate has been made of the relative intensity of the two frag­
ments for seven of the compounds in the series, as shown in the
following table.
)
Structure of amine Approximate ratio of
9H
(M-CF ) : NH =C -CF
J fa ^
1 : 1
1 : 1
1 : 1
1 : 1
2 : 1
2 : 1
2 : 1
Thus the derivatives of primary amines form the fe2C(OH)CF3 
structure more easily than the derivatives of secondary amines (with 
the exception of the 2-methylbutylamine derivative). For primary 
amines the formation of ife2=C(OH)CF3 requires the rearrangement of 
two hydrogen atoms to the nitrogen. Secondary amines, however, 
require the transfer of three hydrogen atoms to the nitrogen, a 
process which is clearly less favourable.
NH,
NH,
ra2
For N-methyl-N-alkyl derivatives, the m/e. 114 fragment could 
on}.y be formed through loss of CH2 *, a process which is unlikely to
occur.
Many of the spectra also contain an ion at m/e 84 which, from 
metastable evidence, arises from the m/e. 114 ion (Found: m/e 62.
Calc, for 114 —>  84 : m* 61.9). This corresponds to loss of
from the m/e 114 fragment which in turn is formed by loss of CFy from 
the molecular ion:-
CHoCHo _L
^N-COCF
(c h 3 )2c h
m/e 183
-CF
CH CH
3 \  +
J ^  N=C=0
(CH )2CH-'
"C2H6
CH.
m/e 114
fH
CH
\  +
N =C=0
m/e 84
The base peak of the l-amino-2-methylbutane derivative is found 
at m/e 127; an ion which is also of high intensity in the n-pentylamine 
and iso-pentylamine derivatives but is not exhibited by any other 
compound in the C^ series. An accurate mass measurement on the ion 
showed it to be of composition C3H4N0F3 (Foqnd: 127.0267. Calc,
for C3H4N0F3 : 127.0250). The ion is formed by loss of an alkene
from the molecular ion; a possible mechanism for this is given 
below:-
J CH-CH-CH„-NHCOCF„
CH I'-*' 2 3
3 H
.+
■> CH3NHC0CF3 + (CH3)2C=CH2
m/e 127
m/e 183
The structure of the m/e 127 ion indicates that it will be most
readily formed by those compounds containing a -CH2- linkage in the
a,-position to the nitrogen. This is supported by the fact that in
the C_ series, derivatives which exhibit an intense ion at m/e 127 
5 ---
also contain an a -CH - group.
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A fragment common to most trifluoroacetamido derivatives is
56
found at m/e_ 78 which, as described by Saxby and by Zeman et al., 
59 is formed from the m/e_ 126 ion via the m/e. 106 ion. This 
type of fragmentation was also found to be common in the series 
of derivatives (page 147). The spectra of some compounds in the 
series do not exhibit the ion at m/e. 106 but the spectra of all 
compounds containing the m/e 126 ion also exhibit the corresponding 
m/e 78 ion. The composition of the m/e. 78 ion has been measured 
as C H Np (Found 78.0160. Calc, for C2H NF : 78.0155).
i -e ‘ = , F +
M  /-I .
CH = N - CO - CF — ------->  CH = N - CF,
^ T 2 2  ^y 2
m/e_ 126 CO
m/e. 106
Y-co
+
CH2 = N = CF2 
m/e 78
The spectra of the N-n-butyl-N-methyl, N-ethyl-N-n-propyl and 
N-iso-butyl-N-methyl derivatives contain a metastable ion at m/e. 89*5 
corresponding to the transition m/e. 140 — b m/e. 112. (Calc, for
140 —b 112 : m* 89.6). This transition represents a formal loss 
of 28 mass units from the m/e. 140 fragment which can be attributed 
to loss of CO
CH
mi ~ OH* CHCH . ptr ^  CH_ O ,
3 \ ‘+ 3\ +  “CO ^  +
. N-COCF- ---- 2----^  - N-CO-CF-  ^ ^ 3
CH S ' /  CH2 ^  2
CH—CH
qjj ^  2 m/e. 140 m / 112
3 m/e 183
The second most intense ion in the spectrum of the N-sec-
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butyl-N-methyl derivative is at m/e 110j the same ion is also 
present in low intensity in the spectra of the N-iso-butyl-N-methyl 
and N-n-butyl-N-methyl derivatives. An accurate mass measurement 
on this ion showed it to be of composition C^H^NF^ (Found : 110.0217.
I
Calc, for C^H^NF^ : 110.0216). A metastable ion in the spectrum
of the sec-butyl compound showed that the m/e. 110 ion is formed from
the m/e. 154 fragment (Found : 78.5. Calc, for 154 ■— b 110 : m* 78.6 );
this represents a loss of ^ H ^ O  from the m/e. 154 ion which can only
be achieved by a complex rearrangement. The same rearrangement
62
process has been observed by Kamei et al. in the spectra of the
trifluoroacetyl derivatives of ephedrine, methylamphetamine and 
methoxyphenamine. Kamei proposed the following structure for the 
m/e. 110 fragment:- CH^-C^tsf-CF^
CHo-if-C0CF_ ---------V  CH -C=#-CF„ + C^H.O
3 || 3 ■ * 3 3 2 4
CH-CH- , _
3 m/e 110
m/e. 154
Two metastable ions in the spectra of the 2-aminopentane and
N-ethyl-N-iso-propylamine derivatives indicated that breakdown from
the m/e. 140 fragment produces the m/e. 93 ion which then loses a
hydrogen atom to form the m/e 92 ion (Found : m/e. 62, 91. Calc.
for 140 —b 93 : m* 61.8. Calc, for 93— b 92 : m* 91.0). This
type of fragmentation was also noted for the C derivatives and a
similar mechanism is likely for the C^ compounds:-
IjlH - C0Cf71-+ ________ . ~ 1 ,+ •
CHCH, 3 ^  N H  CF, 1 + CH3CHF
• J c*
m/e 93
m/e. 140 j
4 — | +
H' + / C° \   CF =S=C=0
N ----- CF2
m/e. 92 m/e^ 92
-164-
56
An ion at m/e 92 was also observed by Saxby in the spectra 
of various alkyl trifluoroacetamides; however he did not observe
the m/e_ 93 ion and he suggested a cyclic structure for the m/e 92
/ - x  " +
ion i.e. , CO -n
N -----  CF2
A fragment observed only in the spectrum of the N-iso-butyl-N-
methyl derivative is exhibited at m/e_ 128. An accurate mass
measurement on the ion showed it to be of composition CLH_N0Fo
3 5 3
(Found : 128.0321. Calc, for C X N 0 F o : 128.0331). A metastable
3 5 3
ion at m/e 89.5 indicates that the fragment is formed from the
molecular ion (Calc, for 183 ~r* 128 : m*89.5). The mechanism for
56the transition is probably similar to that proposed by Saxby for
the formation of the protonated trifluoroacetamido fragment:- 
3
CjF.
CHt 4.
3 \ N ^  ^ 0  OH
( M
H A
CH -lfe=C-CF + C .H * 
3 3 4 /
H C
Ch/  \ h . CH3-NH-b-'
m/e 183 m/e 128
An interesting feature of this fragmentation is that in the 
Cg series (page 171), the N-iso-butyl-N-ethyl compound is the only 
one which exhibits an ion at m/e 142. It has been shown to be the 
higher homologue of the m/e 128 ion, which indicates that this type 
of fragmentation is only favoured for the N-iso-butyl derivative.
A possible reason for this is that in the iso-butyl structure the 
hydrogen atoms are in the best conformation for the rearrangement 
to occur.
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(c) C, Alkylamine derivatives — ^ --------------------
In this section the mass spectra of three isomeric amine 
derivatives are discussed i.e. the derivatives of N-iso-butyl-N- 
ethylamine, N-sec-butyl-N-ethylamine and N-t-butyl-N-ethylamine.
As anticipated there are many similarities between the fragmen­
tation of the C, derivatives and the C_ derivatives: the most
o 5
favoured position for cleavage is the C a - C(3 bond in the alkyl 
group and this process is often followed by a McLafferty rearrange­
ment. Thus the base peak in the spectra of the N-sec-butyl-N-ethyl 
and N-iso-butyl-N-ethyl derivatives are formed by this type of 
cleavage and further fragmentation is by McLafferty rearrangement.
i.e.
CH3C^ ;
 1
C2 ^
CH m/e_ 154
CH CH CH
CH . f— 4, 'N-— COCF _______ v. ^ S - C O C F  + > C H -
3\lHCH„ / 3 r  C H -^  CH
/
‘3
m/e. 197
followed by:
f 3
^9 4- C ^
n  o 9H
^  CH^ = N = C - CF„ + CJH
ch^ v  / h t s
^  CH^ —  -- “
m/e 154
2 4
2 CH = N - C - CF,
2 :
m/ e_ 126
The second transition is confirmed by a metastable ion at 
m/e 103.5 (Calc, for 154 126 : m* 103.3), and the composition of
the m/e_ 126 ion was confirmed by an accurate mass measurement.
(Found : 126.0156. Calc, for C^H^NOF^ : 126.0166). A similar
type of mechanism can be written for the N-sec-butyl-N-ethyl compound
CH3CV  . CH„CH\ . +   ^ 3 2 -^ +
3‘
NCOCF- --------------- pw ^  N-COCF. + CH CH •
CH_ A  3 3 3 3 2
ch3ch/— ^  168
m/e 197
followed by:
CP3
C
CELCH ^  o -----------7- CH„CH=iS=c^2> CH i
OH
3“ " --- . + C2H4.
CF .
‘® 2
m/e 168
V +y OH
II
CH3CH=N-C-CF3
m/e^ 140
A metastable ion at m/j3 116.5 confirmed the second transition
(Calc, for 168 -> 140 : m* 116.7) and an accurate mass measurement
on the m/e_ 140 ion confirmed the proposed formula (Found : 140.0235.
Calc, for C H NOF : 140.0220). As found for the C. and C_ series,
3 5 3 4 5
where more than one C a - Cp bond cleavage is possible it is 
invariably loss of the largest group which gives rise to the most 
intense ion.
The base peak of the N-t-butyl-N-ethyl derivative is at m/e. 154
and corresponds to loss of from the molecular ion. (Found :
154.0481. Calc, for C H NOF : 154.0479). The fragment due to
5 7 3
C a, ~ C p bond cleavage, which would be expected at ja/e_ 168, is not 
exhibited and the ion of highest mass is at m/e 154. An explanation
for this is that as soon as the fragment due to C a  - Cp  cleavage 
is formed it breaks down by McLafferty rearrangement to the m/e 154
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ion .
ch3ch2
NCOCF,
CH /'i~~cy
CH_
c h / |
m/e_ 197 (not seen)
(p.
CH.
CH, v*.
| 3 ] 3
C x  j. C v
N o
d £ > r  h
x  ^
2
m/e 168
>
CH3CH2
C H _
CH,
+
NCOCF
3 + ®3'
m/e 168 (not seen)
nr 0H
° V  + /
/  C=N=C 
CRf CP3
m/e 154 
+.
CH.
CH,
OH 
//
C=N-C
‘CF.
m/e, 154
+ C2H4
Ions of low intensity, due to loss of alkyl groups by mechanisms 
other than Ca - Cp bond cleavage, are present in the spectra of all 
of the C^ derivatives. For example the N-sec-butyl-N-ethyl com­
pound forms an ion at m/e, 154 due to loss of from the molecular
ion. This then further fragments to the m/e 126 ion (Found : m/e_ 103 
Calc, for 154 — 126: m* 103.3) by McLafferty rearrangement.
i.e.
Et d-
NCOCF, 
/ ;
Et,  ^+
■> . N-COCF,
CH2
m/e_ 154
+ SV
m/e 197
'2 4
Y
+
OH
/
CHj=N=
CF
m/e 126
<-
+0Hif
-y CBz =N-C-CF3
-168-
The ion at m/e 114 is common to the spectra of all three
derivatives and has been shown to be of composition C II NOF
(Found : 114.0172. Calc, for C_HoN0Fo : 114.0166). The£ 5 j
formation of this fragment involves a triple hydrogen rearrangement
and a possible mechanism for this is given below. It is a similar
56
mechanism to that proposed by Saxby for the formation of the 
m/e_ 114 ion in the spectra of primary amine derivatives. The 
mechanism is shown for the N-t-butyl compound but a similar process 
also applies to the other C^ derivatives.
Cp3 y
C ^
(CH ) C-^-N^ ^  0 ,+  y  HN"' CF H- C H •
h I L M h  h/^c(ch3)2
N C B ^  CH2
m/e 197
>  . .OH
m/e 114 m/je 114
Also present in the spectra of all three C^ derivatives are
, , 56
the fragments at m/e 106 and m/e 78 which have been shown by Saxby
59
and by Zeman et al. to be formed by loss of HF and COHF
respectively from the ion at m/e 126. This type of fragmentation 
has also been noted in the spectra of the C^ and C^ series of com­
pounds
i.e. H X  , F
I — ' | -HF -CO +
ch2 = N - CO - CF2  y  CH2 = N — ^ C F 2  CH2=N=CF2
m/e 126 ^0
m/e. 78
m/e. 106
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A metastable ion, at m/e 77.5, in the spectrum of the t-butyl
derivative indicated that HF is also lost from the fragment at
jrn/e 114 to form the m/e 94 ion (Calc, for 114— 94 : m* 77.5).
This process was also observed in the C^ series of derivatives and
56
has also been previously noted by Saxby.
+nn OH
1 -e - OH fiH I
I -HF / C x  yCs
iSH2 = C - CF3  NH —  CF2 4— NH— CF2
n\/e_ 114 m/e 94
An accurate mass measurement on the m/e 94 ion confirmed the 
composition to be as proposed. (Found 94.0108. Calc, for C H NOF,2 2 c
94.0121).
All of the derivatives in the C^ series form a fragment at
m/e 56. This is formed by the same process as described for the
C^ and C^ series and previously suggested by S a x b y   ^6 and by Zeman 
5Qet al.. 7 , in which the positive charge is transferred to the
alkyl chain by McLafferty rearrangement.
e.g.
CP3
CILCE. C
.+N V'" 0
CR- 1 V  H v CH rr C.
ch3
OH 
I
+ CH^CH N=CCF.
y  — 2 ^ ch, 3 2
ch3 ch2
m/e 197
3
m/e 56
The spectrum of the N-iso-butyl-N-ethyl compound contains an 
ion at m/e 142 which is not exhibited by the other C^ derivatives.
An accurate mass measurement showed the fragment to be of composition 
C4H7N0F3 (Found : 142.0462. Calc, for C ^ N O F , ^ : 142.0479). In
the C^ series the N-iso-butyl-N-methyl derivative was the only com­
pound to exhibit an ion at m/e 128. This was shown to be the lower
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homologue of the m/e 142 ion of the series i.e. of composition 
C^H^NOF^. A possible mechanism for forming the ion is shown below:-f3
* ^ 0 *  OH
>  CH„Ch A=C-CF„ + C,H
.CH L ( H ^
H ^  C <
CH3^  ^ o h 3 ch3ch2nh - c - cf3
m/e 197 ffi/e. 142
The reason why this fragmentation is only exhibited by the
N-iso-butyl compounds is not apparent although, as proposed for the
C^ series, the reason could be that the two hydrogen atoms are in 
the most favourable position for rearrangement in the iso-butyl 
structure.
In common with the fragmentation pattern of the and
compounds, the compounds produce an ion of low intensity due to
loss of CF3 from the molecular ion. A low intensity ion at m/je 
4*
69, due to CF3 , is also exhibited in the spectra of all 
derivatives. Loss of CF3 is also observed from the fragment at 
m/e 126 to produce an ion at m/e 57. This ion is seen, in varying
intensity, in the spectra of all C^ derivatives.
CH2 = fa - C0-CF3 ------- 7- CH2 = NH - C =""<? ,+ + CF3 *
m/e 126 xAt  !• +
. >
CH  CO
m/e 57
The composition of the fragment at m/e 57 has been confirmed by 
an accurate mass measurement. (Found : 57.0212. Calc, for C2H3N0 
: 57.0213).
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The spectrum of the N-sec-butyl-N-ethyl derivative contains 
two ions at m/e 93 and m/e 92 which are also present in the spectrum 
of the N-sec-butyl derivative in the series. A metastable ion 
at m/e_ 91 indicates a transition from m/e_ 93 —> 92 (Calc, for 
93 — 92 : m* 91.01) and, as found for the C^ and C^ compounds,the 
fragment at m/e 93 is probably derived from the m/e 140 ion,
+  1.+
CEL CH=NH-C0CF -------y  NH - CO - CF^ + CH^CHF
3 3
m/e 140
2 3
^  - i  -
NH —  --  CF2
m/e 93
c o ~ | -+
NH CF2  y  CF2 = N = C = 0 + H*
m/e 93 m/je 92
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(d) Cycloalkylamine and cyclic amine derivatives
This section is divided into two parts; the first part deals 
with the mass spectra of three cycloalkylamine derivatives viz, 
cyclohexylamine, N-methylcyclohexylamine and cyclopentylamine. The 
second part discusses the spectra of three cyclic amine derivatives 
viz, 2-methylpiperidine, 4-methylpiperidine and 3-methylpyrrolidine.
Cycloalkylamines; The mass spectra of these derivatives are more 
varied within the series, than the spectra of the alkylamine 
derivatives.
The mechanism of formation of the base peak of each compound is 
unlike that observed for most of the alkylamine derivatives (Co, - Cp 
bond cleavage). The base peak of N-trifluoroacetyl-cyclohexylamine 
is found at m/e_ 82 and has been shown to be due to the hydrocarbon 
fragment C y i ^  (Found : 82.0775. Calc, for CyB Q : 87.0782).
The mechanism of formation is probably analogous to that found
for the alkylamine derivatives (page 145) and also previously
56 59observed by both Saxby and Zeman et al. , in which the
positive charge is transferred to the alkyl fragment by a McLafferty
rearrangement.
+ NIL COCF.
The transition from the m/e 195 fragment to the m/e 82 fragment 
is confirmed by the presence of a metastable ion (Found : m/e 34.5. 
Calc, for 195 — ^ 82 : m* 34.5). A McLafferty rearrangement also 
produces the base peak of the cyclopentylamine derivative by the same
-173-
process as that just described.
i.e.
CF 1 *
H^ 0 - + ______   !___ ] ’ + ^ C0CF3
^ 1 -
m/e 181 m/e 68
The composition of the m/e_ 68 ion vas confirmed by an accurate mass
measurement. (Found : 68.0645. Calc, for C H : 68.0656).
5 8
The base peak in the spectrum of the N-methylcyclohexylamine 
derivative is not found at m/e 82, as for the cyclohexylamine com­
pound, but is at m/e_ 166. An accurate mass measurement on this ion 
showed it to be of composition C^H^NOF^, which corresponds to loss 
of from the molecular ion (Found : 166.0469. Calc, for
C^H^NOF^ : 166.0479). The formation of this fragment is likely
to be by the same mechanism as that reported by Beynon for cyclo- 
114
hexylamine and by Budzikiewicz et al. for various other cyclo-
115alkylamines and cycloalkylamides, and involves C a - C p bond cleavage 
followed by McLafferty rearrangement. A metastable ion at m/e 132 
indicates that the transition is from the molecular ion. (Calc.
209 —> 166 : m* 131.85).
CH .+ ^  COCF 
N
ia/e_ 209
COCF
ch3^  /C0CF3
CH + CH3 ' + C2H4
CH
II
CH2
m/e_ 166
-174-
The elimination of a methyl radical and ethylene is arbitrary
and hydrogen radical migration followed by homolysis of the
bond resulting in the elimination of a propyl radical is equally
possible. A fragment from this type of process is also seen in
the spectrum of the cyclohexylamine derivative at m/e 152. (Found
152.0308. Calc, for C-ELNOF, : 152.0323).
5 5 3
i.e.
H \  c°CF3
N
m/e^ 195
H COCF
'L
1 H>.
b r
H COCF-
>  CH -H3H3-fC2H4 
CH
II
cb2
m/e 152
The N-methy1-cyclohexylamine derivative does also produce a 
fragment at m/e. 82 but the ion is of low intensity compared to the 
base peak at m/e 166. The corresponding process in which the 
positive charge is retained on the trifluoroacetamido part of the 
molecule is observed in' the spectra of the cyclopentyl, N-me thy Icy do- 
hexyl and cyclohexyl compounds. This is discussed later in the 
section.
CF,
I
CH,
/C
N
0 . +
m/e 209
m/e 82
4- ^
+ I 3
+ NHCOCF,
By comparing the spectra of the cyclohexylamine and N-methylcyclo­
hexylamine derivatives it is clear that they undergo similar 
fragmentation but the intensity of the ions formed are reversed.
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This can be seen in the table below:
Amine (as trifluoroacetyl derivative)
cyclohexylamine
N-methy1cyclohexylamine
(m-c3h7 )+/ L ,9
15.1
18.0 
(base peak)
m/e 82/ Y
29
23.1 
(base peak) 
5.5
This can probably be attributed to the inductive effect of the
methyl group (in the N-methyl compound) which stabilises the positive
"t“
charge on the nitrogen atom in the (M-C^H^) fragment. This 
stabilisation is not possible for the cyclohexylamine derivative. 
Hence the (M-C^ fjL) fragment is relatively less intense and the forma­
tion of the m/e 82 ion becomes more important.
i.e.
(a)
CH .CO— CF
CH
CH'
II
CH,
H CO— CF
(b) 3
&
CH
II
CH,
m/e. 166 m/e_ 152
The mass spectrum of the eye1opentylamine derivative also 
exhibits a fragment at m/e_ 152 which can be attributed to a cleavage 
of the ring followed by rearrangement, similar to that previously 
described for the cyclohexylamine and N-methylcyclohexylamine 
derivatives.
i.e H
NAX
COCF, COCF,,
+1 3
N:
H + COCF 
N
/"'"CH —
H C/‘^ v H CH,
CH
\
CH=CH,
m/e. 152
m/e 181
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The mass spectrum of N-trifluoroacetyl-N-methylcyclopentylamine 
would provide confirmation of the hypothesis concerning the relative 
heights of the m/e 82 and (M-C^H^.) ions in the spectra of the
cyclohexylamine and N-methylcyclohexylamine compounds. Thus the 
effect of the methyl group should stabilise the fragment due to 
C a - C p bond cleavage and rearrangement i.e.
CH,
jp
CH.
C O C ^
II
CH
m/e 166
compared to the fragment due to loss of -NH^COCF^ i.e. +
m/e 68
Therefore the base peak in the spectrum would be expected at
m/e 166 and an ion of lower intensity would be exhibited at m/e_ 68.
A fragment common to two of the cycloalkylamine derivatives,
viz. cyclohexylamine and cyclopentylamine is found at m/e 114. This
has been shown, by accurate mass measurement, to be due to the fragment
C2H3NOF3 . (Found : 114.0174. Calc, for C2H3N0F3 1 114.0166).
The mechanism of formation is probably, similar to that proposed by
116 117
Budzikiewicz et al. and Pelah et al. for the breakdown of
N-ethyl-H?-acetylcyclopentylamine and other cycloalkylamides. The
process involves a double hydrogen rearrangement.
CF.
H I
CF,
H x n/ c -^$h
H H ‘
OH
II
NH2-C-CF3
m/e 114
m / e _ 181
-177-
The N-methylcyclohexylamine derivative does not exhibit an
ion at m/e^  114 since the compound is derived from a secondary amine,.
Therefore to form the m/e 114 ion involves the rearrangement of three
hydrogen atoms, a process clearly not as favourable as rearrangement
of two hydrogen atoms as in the case of the primary amine derivatives.
The N-methyl compound does, however, exhibit an ion at m/e 128 which
has been shown to be the higher homologue of the m/e_ 114 ion (Found :
128.0331. Calc, for C_H_N0F. : 128.0321). A similar mechanism can
3 5 3 ,
be drawn involving loss of C^H ^ from the molecular ion (Found m/e : 
78.5. Calc, for 209 128 : m* 78.4).
OH
II
CH NH-C-CF
OH
CH3Sh=C-CF3
m/e 209 m/e 128
A fragment due to (M-CF3) is exhibited in the spectra of all 
the cycloalkylamine derivatives although the intensity of the ion 
is relatively low compared with the base peak;
(M-69)+/ l   BaseDerivative of
N-methylcyclohexylamine
cyclohexylamine
cyclopentylamine
-29
7.0
3.2
3.2
•peak / Z*
■29
18.0
23.1
21.0
An accurate mass measurement on the m/e 110 ion from the N— 
methyleye1ohexyl derivative showed that it is of composition C3H 3NF3 , 
(Found : 110.0218. Calc., for C H NF : 110.0217). A metastable
ion at m/e 73.5 indicates that the m/e 110 fragment is
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formed from the m/e 166 fragment (Calc, for 166 — h 110 : m* 73.6); 
this corresponds to loss of C2H^0. A possible structure for the 
fragment is shown below and is the same as that proposed previously 
for the m/e 110 ion in the spectra of some C^ and C^ derivatives.
The mechanism of formation is not known however;
CH - C S  £  - CF 
m/e_ 110
The ions of low intensity in the^spectra of the cyclohexylamine
and cyclopentylamine derivatives at m/e 139, probably have the same
composition but are formed by different mechanisms. The cyclohexyl
compound fragments in the same way as described by Budzikiewicz et 
115al. for the breakdown of N-ethylcyclohexylamine and N-ethyl-N-
acetjKLcyclohexylamine i.e. by McLafferty rearrangement 
. +
Nhcocf.
. +
2- _ 2 . _ 2  NHCw^-3>  2CIh=CH„ + CEL=CH- OCF
/ mrr ®/e 139m/e 195
The m/e 139 fragment from the cyclopentylamine derivative is formed
by a-cleavage followed by loss of cyclopropane in a similar way to
that described by Budzikiewicz et al. for the fragmentation of
N-ethylcyclopentylamine and N-ethyl-N-acetylcyclopentylamine
i.e. .+ +
NHC0CFo .CH
II 3 /  2x
V  A  CH. ------CH2— -“ 2
NHCOCF
m/e 181 + CHo-CH=Sh -C0CFo
~  2 3
m/ie 139
Loss of a CF3 radical from this fragment produces the ion at 
in/e_ 70,
+ + 
i.e. CH2-CH=g-C0-CF3 ------- ^  CH2=CH-NH=C=0 + CF •
m/e 139 m/e 70
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Again a similar process to this has been observed in the spectra 
of various cyclopentylamines and cyclopentylamides by Budzikiewicz 
et al. 115> 118
Cyclic amines
The mass spectrum of the 2-methylpiperidine derivative is 
fairly simple with the only abundant ion formed by C<x - C(3 bond 
cleavage. The molecular ion is of low intensity; other fragments 
commonly found in the spectra of trifluoroacetyl derivatives due to 
(M-CF^)+ , CF^+ and (M-C0CF^)+ are exhibited but again are of low
intensity compared to the base peak.
N W  CH + CH,
COCF, COCF,
m/e^ 195 m/e 180
The above transition is confirmed by a metastable ion at m/e 
166 (Calc. for 195 ' .  180 : m* : 166.1). Further fragmentation
from the m/e 180 fragment can occur by McLafferty rearrangement to 
form an ion of low intensity at m/e_ 152
i.e.
COCF
m/e 180
>- CH =N-CH=CH0
2 j 2
COCF^
m/e_ 152
+
C2H4
Ions of.low intensity are exhibited at m/e 55 and m/e 83 and 
these also'can be formed from the m/e 180 fragment (Found m/e_ : 36.5 
Calc, for 180 — > 55 : m* 36.45).
-180-
and
N
l
COCF.
m/e_ 180
+ {
COCF.
3
m/e 180
-COCF,
r
?+■
m/e 83
+ COCF.
m/e 55
An accurate mass measurement on the m/e 126 ion shoved it to 
be made up of tvo fragments; C^H^NO (major ion vith an approximate 
intensity ratio'of 2:1) and C^H^NOF^. (Found : 126.0829 and 126.0'154,
Calc, for C H 12N0 : 126.0840. Calc, for C ^ N O F  : 126.0166).
The major fragment is formed by loss of CF^* from the molecular ion 
and the minor fragment by a hydrogen rearrangement and ring'cleavage
process:
CH
COCF.
3
m/e 195
CH + CF » 
3 3
m/e_ 126 (major)
and
m
.+
I
C0CF3 
/e 195
CH.
+
■>- ch2= nhcocf3
m/e 126
+ C4H 9?
The transition from the m/e 195 m/e^ 126 ion is confirmed by 
the appropriate metastable ion. (Found : m/e 81.5. Calc, for 
195 —5* 126 : m* 81.4). The base peak in the spectrum of the 4-methyl 
derivative is at jn/e 126 and, as described for the 2—methyl compound,
ha,s been shown to be due to two fragments. As before the major
ion (approximate 10:1 ratio by peak height) is due to loss of CF^*
from the molecular ion, and the minor ion to the fragment CH^HCOCF^
formed by rearrangement.
The molecular ion of the 4-methyl compound is the second most
intense ion in the spectrum (i.e. ^ 2 9  compared to base peak
of ^ 2 9  23*5$) and there are no other ions of major intensity
exhibited. The formation of two ions of low intensity can be
explained by a similar mechanism to that proposed for the fragmen-
119
tation of piperidine by Budzikiewicz et al.
CHi.e.
COCF
va/o_ 195
CH-
COCF,
(a)
+ CH3CH=CH2, ch2
I
COCF-
m/e 153 (not seen) 
*>, ■'
CH,
+ CH_ + H- 
2
COCF3 
m/e 152
The C a - C [3 bond cleavage reaction produces ion (a) which 
can also decompose by a McLafferty rearrangement leading to the 
expulsion of an allylic radical (Found : m/e 100.5. Calc, for 
195 140 : m* 100.5).
i.e.
CH,
J k ' y *
ci
+
N > ^ CH2
COCF.
CH„=N-CH_ 
2 | 3
COCF.
m / e _ 140
?H3
+ CH2=C-CH2 *
(a) m/e 195
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The fragment at m/e_ 140 can then further decompose by loss of a 
COCF^ radical to form the ion at m/e 43.
J-e - + / CH3
CH =N ----: CH =N~CH. + COCF. •
2 | 2 3 3
COCF /
3 m/e 43
m/^ 140
In a similar way, the fragment at m/e_ 55 is probably formed by loss 
of COCFy from the fragment at m/e_ 152: 
i.e.
CH
ii 2 . .+
CH N C1I2  CH2=CH-N=CH2 + COCF •'
I
COCF m/e 55
3 —
m/j3 152
The molecular ion of the 3-methylpyrrolidine derivative is also 
the base peak; a situation which was often found in the spectra of
the heterocyclic derivatives discussed in Chapter-. 4ii, but was not
observed for any of-the alkylamine or cycloalkylamine derivatives. 
Intense ions are also exhibited for CF3 at m/e 69, (M-GF ) at m/e
-f-
112 and (M-C0CF3) at m/e 84. A metastable ion at m/e_ 63 indicated 
that a transition from m/e 112 to m/e 84 (Calc, for 112— 84 : m* 
63.0) takes place. This is likely to be loss of CO from the m/e_ 
112 fragment
1-e - -CP • /CH3 -CO /CH3
■>* L + J --
I'S li
C 0 ~ C F 3 c~o
m/e 181 m/e 112
o
m/e 84
Part of the ion current at m/e_ 84 is probably formed by loss
of C0CF3* from the mblecular ion.
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An accurate mass measurement on the m/e 153 ion has shown it
to be of composition C_H,N0Fo. (Found 153.0385. Calc, for C H NOF : * 5 6 3 5 6 3
153.0400). The fragment is formed by loss of C2H from the molecular 
ion; two possible structures are :-
(a)
CH 
/  3
.+
N /
I
C0CF„
3
m/e 181 m
COCF.
/e 153
+
C2H4
(b)
CH.
I
COCF, 
m/e 181
COCF
m/e 153
+ c2h4
An ion of low intensity is exhibited at m/e_ 140 and is probably 
formed by a similar process to that described for the 4-methyl piperidine 
derivative (page 182) i.e. a McLafferty rearrangement.
CH.
•n+4)
COCF.
CH.*r
\  2 
I
COCF.
+
CH =N-CH 
2 |
COCF, 
m/e. 140
+ CH2=C-CH3
m/e. 181
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The small m/e_ 43 ion is probably formed by loss of COCFy from
the m/e 140 ion;
“f"
CH2=N-CH
.+
v CH =N-CH + COCF,
COCF, m/e 43
m/e 140
The formation of two ions of low intensity, at m/e_ 56 and m/e_ 55,
can be explained by mechanisms similar to those suggested by 
. . .  120
Budzikiewicz et al. for the breakdown of N-acetyl- and N-propionyl-
pyrrolidine,
i.e
& N
fc=o
7
cf3
mi/e 181
-CF,
(Pd l
0
N o.
11+
d( N+ ‘
-C3H6
Y
and,
C— CF,
CH,
ch2=n+=c=o
m/e 56
CH, 
+ '
m/e 181
m/e 55
-185-
4. iv. Mass spectra of authentic N-Perfluorobenzoyl derivatives
The mass spectra of a variety of aliphatic, aromatic and 
heterocyclic amines, as perfluorobenzoyl derivatives, have been 
recorded and are given in Appendix 4. The discussion is divided 
into three parts; (a) fragmentation processes common to all 
perfluorobenzoyl derivatives (b) aromatic and heterocyclic 
derivatives (c) aliphatic derivatives. .
(a) A major ion in the spectra of all derivatives studied 
is exhibited at m/e_ 195; an accurate mass measurement on this ion 
showed it to be of composition CyF,_0. (Found : 194.9890. Calc,
for O^ .Fj.0 : 194.9865). The most likely structure for the fragment,
given below, is able to exist in a number of resonance structures and 
so is stabilised:-
F
F
F
m/e !95 m/e 195
Metastable ions in the spectra of most derivatives indicate that the 
m/e 195 fragment is formed from the molecular ion as well as from 
a number of other fragment ions. For example, in the spectrum of 
the n-butyl derivative metastable ions indicate that the m/e 195 ion
-186-
is formed from the molecular ion and from three other fragments; 
at m/e 238, m/e 224 and m/e 212. The mechanisms from the various 
fragment ions will be discussed in the relevant sections but a 
general mechanism for the transition from the molecular ion is 
given here:-
CV CH2)315&’°-C6P5
m/e 267
F
m/e 195
+ ch3 (ch2 )3nh
The intensity of the m/e 195 ion varies; in all aliphatic 
derivatives the fragment is the base peak in the spectrum and for 
aromatic and heterocyclic derivatives it is either the base peak or 
forms the second most intense ion in the spectrum. Subsequent loss 
of CO from the m/e 195 fragment yields an ion at m/e 167 which is 
generally observed as a major ion in the spectra of perfluorobenzoyl 
derivatives.
F
F
F
F
+ CO
m/e_ 195 m/e 167
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The transition is confirmed by the presence of a metastable ion
at m/e 143 in the spectra of most derivatives studied (Calc, for
195 ~ > 167 : in* 143.0). The composition of the m/e 167 ion has
been confirmed by an accurate mass determination (Found : 166.9900.
Calc, for C F : 166.9920).
6 5
Breakdown of the fluorocarbon fragment at m/e_ 167 produces three
further fluorocarbon ions at m/e 148, 117 and 93 which have been
+ +
shown, by accurate mass determinations, to be due to C^F^ , C_F_
6 4 5 3
and C^F^+ respectively. (Found : 147.9930, 116.9921 and 92.9950.
Calc, for C,F : 147.9936. Calc, for C F- : 116.9952. Calc, for
6 4 5 3
C3F3 : 92.9952).
A metastable ion observed in the spectra of a number of the
derivatives confirmed the transition m/e 167 — ^ m/e 117 (Found :
m/e 82. Calc, for 167 117 : m* 81.9). The formation of the
ion at m/e 117 involves loss of CF^ from the m/e 167 ion; the elimina-
121tion of difluoromethylene has been previously observed by Majer 1
122 123
and by Majer and Patrick, to be an important process in
the breakdown of aromatic fluorine compounds. A fragment due to
+ 124
C^F3 has been previously observed by Dibeler et al. as a major
ion (relative intensity 49.6/) in the mass spectrum of hexafluoro-
benzene.
A molecular ion is exhibited by all derivatives although it is 
of varying intensity. Generally the aliphatic derivatives form 
molecular ions of low intensity whereas for the aromatic and hetero­
cyclic compounds the molecular ion is often a major peak.
(b) The mass spectra of the derivatives of aniline, benzylamine,
2-phenylethylamine, tetrahydroquinoline, tetrahydroisoquinoline and 
pyrrolidine are discussed in this section.
-188-
All these compounds form a fragment due to loss of fluorine from 
the molecular ion:-
.+
-F-
m/e 301
CH NHCOC,F_ 
2 6 5
CH.NHC0C,F, ^ 2  6 4
+
m/e 282
The transition is confirmed by the presence of the appropriate 
metastable ion in the spectrum of many of the derivatives studied 
(Found m/e 264. Calc, for 301 — > 282 : mr* 264.2). The composi­
tion of the m/e 282 fragment shown above has been confirmed by an 
accurate mass measurement. (Found : 282.0538. Calc, for
C^HgNOF^ : 282.0540). The intensity of the (M-F)+ ion varies
considerably within the series; thus for the benzylamine derivative 
the ion is of intensity 11.3/ but for the 2-phenylethylamine
derivative the intensity is only ^LOQ 0.1/. No reason can be found 
for the wide variation in intensity of this particular ion.
All of the compounds, except the derivative of 2-phenylethylamine,
form a fragment due to loss of HF from the molecular ion, although the
intensity of the (M-HF)+ ion varies considerably within the series.
The transition is confirmed in the spectrum of the benzylamine
compound by the appearance of the appropriate metastable ion (Found :
m/e 262; Calc, for 301 —-*■ 281 : iM* 262.3) and an accurate mass
measurement on the m/e 281 ion (Found : 281.0451. Calc, for
C,.H-NOF. : 281.0462).
14 7 4 '
CH NHCOC,F_ 
2 6 5
.+
-HF
->
CHNHCOC,F.
6 4
.+
m/e 301 m/e 281
-189-
Olearly the hydrogen atom need not be abstracted from C-4 and
removal could also take place from carbon atoms 1 and 3 and the 
nitrogen atom. Evidence does suggest however, that removal from 
the nitrogen atom is less favourable since the spectra of two
also exhibit a peak due to loss of HF from the molecular ion.
The mass spectra of the three derivatives of aniline, benzylamine 
and 2-phenylethylamine are very similar and the major ions exhibited
compounds in this series. An accurate mass measurement showed the 
fragment to he of composition CgHg (Found : 104.0634. Calc, for
CgHg : 104.0626). The fragment is formed by loss of NH^ COCF^ from
the molecular ion. The mechanism, which involves transfer of the 
positive charge to the alkyl chain by a McLafferty rearrangement, 
has been previously observed in the breakdown of various trifluoro- 
acetyl derivatives.
Accurate mass measurements on two low intensity ions, at m/e 225
secondary amine derivatives (pyrrolidine and tetrahydroisoquinoline)
.f.
are those already discussed viz; molecular ion, (C_F_0) at7 5
m/e 195, at m/e 167 and (C F ) + at m/e 117.
The spectrum of the 2-phenylethylamine derivative contains an 
ion at m/e 104, which is not observed in the spectra of the other
m/e 104
m/e 315
and m/e_ 224, in the spectrum of the 2-phenylethylamine derivative
-190-
showed them to be formed by loss of and ^ 11^.* respectively from
the molecular ion. (Found : 225.0238 and 224.0154. Calc, for
CoH.N0F_ : 225.0211. Calc, for CoHoN0Fc : 224.0133):-
o 4 5 o 5 5
.+
ch2ch2nhcoc6i?5
m/ e 315
.+
A -  CH NHC0C/.F_ + C_H f j 6 5 7 6
m/e_ 225
+
*>■ CH =NHC0C ,F + C_H ■
^ o 5 7 I
m/e 224
Further evidence for the transition from m/e 315 to m/e 224 is given 
by the presence of an ion at m/e 91 in the spectrum. This is due 
to the formation of by transfer of the positive charge to the
alkyl fragment. A metastable ion at m/e 170 indicated that breakdown 
from the m/e 224 ion proceeded to the m/e 195 ion (Calc. for. 224 — 195 
m* 169.8).
i.e. F
+ 81rc-c
m/e 224
CH0=NH-C C,F_ 2 kj 6 5
C = 0
+ CH2=NH
F
m/e_ 195
The spectrum of the benzylamine derivative also contains fragments 
at m/e 224 and 91,
-191-
.+
CH NHCOC,F_ 
2 6 5 +
CH„=NHCOC,Fc + C,H_.
2 6 5 6 5
m/q 301 m/q 224
•C H 2 +
m/e_ 91
+ NHCOC..F- 
6 5
although the corresponding fragment at m/e 225 is not exhibited. 
The absence of the m/e^ 225 ion can be explained by the loss of the
extra -CH^- link in the benzylamine compound compared to the 2-
phenylethylamine derivative. Thus in order to form the m/e 225 ion
the hydrogen atom -would have to be abstracted from the benzene ring
which is less favourable than abstraction from an aliphatic carbon atom.
The three heterocyclic derivatives are basically similar to the
aromatic derivatives in the major ions exhibited but each compound
also exhibits fragments not observed in the other derivatives.
The tetrahydroisoquinoline derivative exhibits a major peak at
m/e 104 which has been shown to be due to the hydrocarbon fragment
CgHg (Found : 104.0615. Calc, for CgHg : 104.0626). The mechanism
of formation for this particular ion can be attributed to a retro-
105
Diels-Alder reaction of the type observed by Djerassi et al. and
by Loudon et al. ^ ^  in the fragmentation of tetrahydroisoquinoline,
and in the fragmentation of N-trifluoroacetyl-tetrahydro-methyliso- 
quinolines discussed earlier.
.+ .+
+ CHo=NC0C,F_ 
2 6 5
m/e 327
m/je 104
-192-
The minor ion at m/e_ 132 is probably formed by loss of •CO-C^F,. from 
the molecular ion, and can be stabilised by hydrogen rearrangement
m/e 327 m/e_ 132
The spectrum of the tetrahydroquinoline derivative also exhibits an
m/e 132 fragment. The composition of the ion has been confirmed by
an accurate mass measurement to be C H N (Found : 132.0748. Calc.y y
for C H N : 132.0735).y y
The m/e 132 ion is of major intensity in the tetrahydroquinoline 
spectrum which is in contrast to the intensity of the same ion from 
the tetrahydroisoquinoline derivative. The extra stability is 
probably due to the delocalisation of the charge by the aromatic ring 
for the tetrahydroquinoline compound which is not possible for the 
tetrahydroisoquinoline derivative,
i.e.
-COC,F_ 
6 5
C0C,F_ 
6 5
m/e 327
m/e 132
The spectrum of the tetrahydroquinoline derivative exhibits a 
major ion at m/e 168 which is not seen in the breakdown of any other 
derivative studied. An accurate mass measurement on this ion shows 
that it is due to a fragment of composition C^F^H (Found : 168.0003
-193-
Calc, for CgF H : 167.9998). The most likely structure for the
fragment is shown below:
F F
F
The fragment must be formed by cleavage and a hydrogen re­
arrangement but the mechanism is not clear and it is not known why 
only the tetrahydroquinoline derivative exhibits this ion. A
in the breakdown of pentafluorobenzaldehyde and pentafluoromethylbenzene, 
but a mechanism of formation for the ion was not proposed.
The spectrum of the pyrrolidine derivative contains ions at 
m/e 237, 218 and 217 which are not exhibited by the other derivatives.
The m/e 237 ion is formed by loss of 28 mass units from the molecular 
ion which can probably be attributed to loss of by cleavage of
the pyrrolidine ring. A possible mechanism is shown below:-
mechanisms for forming the m/e 218 and 217 ions are, loss of F and 
HF respectively from the m/e 237 ion, although neither transition 
can be confirmed by the appropriate metastable ion. A possible 
structure for the m/e 218 fragment is shown below;
+ 123
C^Fj-H peak has been previously observed by Majer and Patrick
ch2~n=ch2
COC,FC 
6 5
+
COC,F_ 
6 5
m/e 237m/e_ 265
Accurate mass measurements on the m/e 218 and 217 ions showed
that they are due to fragments of composition C^H^NOF^ and C^H^NOF^
respectively. (Found : 218.0240 and 217.0168. Calc, for
C^H N0F_ : 218.0227. Calc, for CJELNOF : 217.0149). Possible
9 4 5 9 3 5
-194-
ch.4 =ch0
2 i 2
COC,F_
6 5
m/e 237
-HF
I— — —  — >- c9h3nof4
- m/e 217
The structure of the m/e 217 ion is not clear.
(c) The mass spectra of the perfluorobenzoyl derivatives of; 
n-butylamine, iso-butylamine, sec-butylamine, t-butylamine, n-pentyl- 
amine and iso-pentylamine are discussed in this section.
The mass spectra of the aliphatic perfluorobenzoyl derivatives 
are similar in many ways to the spectra of the aliphatic trifluoro- 
acetyl derivatives discussed earlier. Thus the major ions, apart 
from fragments due to the perfluorobenzoyl group (such as the m/^ 195 
and m/e 167 ions) which have already been discussed, are formed by 
loss of alkyl fragments from the molecular ion. The most favoured 
mode of fragmentation is C a - Cp bond cleavage; a process which 
produces a major ion in the spectrum of all of the alkyl compounds 
studied.
•+ +
e.g. CH-CH CH C H ^ - N H - C O - C ^ F  CH =NH-COC.F_, + CH0CH0CH •
3 ^ 2 ^  . 6 5  2 6 5  3 2 2
m/e 267 m/e 224
The composition of the m/e 224 ion was confirmed by accurate mass
measurement (Found : 224.0154. Calc, for CoHoN0F_ : 224.0133).
o 3 5
The composition of the fragments formed by C a - Cp bond cleavage of 
the sec-butyl and t-butyl compounds have also been confirmed.
F
0 F
m/e 218
-195-
(Found : 238.0281 and 252.0434. Calc, for C H_N0F_ : 238.0289.
9 5 5
Calc, for C „H NOF : 252.0447).
10 7 5
CH CH _
3 2 ^ ^ / . +
CH-NHCOC-F.
6 5
CH.
m/e 267
+
CH CH=NHC0C,F_ + CnHc 
3 6 5 2 5
m/e 238
and
CH
3'''Of-+
CH_— ■— C-I\IHC0C,F_
3 /  6 3
c h 3
m/e 267
CH +
C=NHC0C,F_ + CH
c a '  6 5  3
m/e 252
If two C <x - C (3 bond cleavages are possible from the same 
compound, then loss of the largest alkyl group invariably gives rise 
to the most intense ion. This is in agreement with previous work 
by MoLafferty and G^'oihlke' on the fragmentation of various amines.
The spectra of all aliphatic derivatives, except the sec-butyl
compound, exhibit an ion at m/e 225 due to loss of an alkene from the
molecular ion. An accurate mass measurement on the m/e 225 ion from
the n—butyl derivative showed it to be due to a fragment of composition
C H NOF (Found : 225.0238. Calc, for CoH N 0F ' : 225.0211).
8 4 5 ' ' 8 4 5
.+
CH0 CH CTL CH^-NH-CO C ,F 
3 2 2 2 6 5
.+
m/e 267
>  CH NH-COC,F_ + CH_CH=CH 
3 6 5 3 2
m/e 225
This transition is confirmed by the presence of a metastable ion 
at m/e 189.5 (Calc, for 267 225 : m* 189.6). The ion formed by
loss of an alkene from the molecular ion is generally more intense 
than the corresponding ion formed by loss of a hydrocarbon radical 
from the molecular ion. This is in contrast to the fragmentation of
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C4 and C,_ alkyl trifluoroacetamides (see Chapter 4 iii.) in which the 
more intense ion is generally formed by loss of a hydrocarbon radical 
rather than an alkene. The reason for the difference between the 
two series of derivatives is not known.
The ion at m/e 206 in the spectra of the n-pentyl, 3-methyl-n- 
butyl and isobutyl compounds is formed by loss of a fluorine atom 
from the m/e 225 ion. The transition is confirmed by the appropriate 
metastable ion in the spectra of all three derivatives (Found: m/e
188.5. Calc, for 225 206 : m* 188.6). The composition of
the m/e 206 ion has been confirmed by an accurate mass measurement 
(Found : 206.0223. Calc, for C H NOF : 206.0228).
-F#.+  1 +
CH -M-C0-C,F_ --------- ^  CH -NH-C0-C,F I
3 6 5 3 6 4
m/e 225 m/e 206
The spectra of all aliphatic derivatives studied contain an ion at
m/e 212, which has been shown to have a composition of C^H^NOF^
(Found : 212.0148 and 212.0126. Calc, for C_H-N0Fe : 212.0143).( 3 5
The mechanism for the formation of the m/e 212 ion is probably similar
56
to that proposed by Saxby for the formation of the protonated
trifluoroacetamido fragment in the breakdown of the trifluoroacetyl
derivatives of various alkylamines.
C-F
I6 5
V ^ ° ,+ M H
II
T h  ^  NH2-C-C6P5 + C4 V
H ^  ^ C ^
H ^  ^CH-CH. JL
2 3
m/_e 267 ^
+ 0H 
NH2i-C6F5
m / e _ 212
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A metastable ion, at m/e 179.5, in the spectrum of most deriva­
tives indicates that breakdown from the m/e 212 ion is by loss of 
NH^ to form the m/e 195 ion (Calc, for 212 —> 195 : m* 179.4).
This would appear to be evidence that the m/je 212 ion also exists
in the form +
NH -CO-C,F_
3 6 5
as well as the structures shown above. Thus the mechanism can be
written:-
F
+ NIL
C — NH
m/e 212 m/e 212
C = 0
F
m,i/e 195
The corresponding transition in the aliphatic trifluoroacetamide 
series is not seen however;
, OH 
+ I
n h 2=c -c f 3
m/e 114
nh3cocf3
m/e 114
COCF + NH,
m/e 97 
(not seen)
This is an indication of the higher stability of the m/e 195 fragment 
compared to the m/e 97 - fragment which is due to the formation of a 
resonance stabilised structure in the former case.
It was mentioned previously that the m/e_ 195 ion is formed by 
fragmentation from a variety of fragment ions. This is illustrated 
in the spectra of the aliphatic derivatives by metastable ions which 
indicate the transitions shown below:-
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From the t-butyl derivative (Found : m/e 151. Calc, for 252 — 195 
m* 150.9).
CH,
3\  + IU CH3 +
-C=NHt C-C,Fe  JXC=NH + C0C,F,_
C H ^  6 5 ^  6 5
m/e 252
m/e 195
for the sec-butyl derivative (Found : m/e 160. Calc, for 238 —> 195
m* 159.8).
O n '
+ Hi) +
CH0CH=NHTC-t! F_ ---------- >  CH CH=NH + COC F
3 j ^  6 5  3 6 5
m/e 238 m/e 195
Metastable ions in the spectra of other derivatives indicate similar 
transitions; for n-pentyl, i-butyl, n-butyl and ;■ 3:-risb;>r pentyl 
(Found : m/e 160. Calc, for 224 — > 195 : m* 159.8).
The spectra of all C^ perfluorobenzoyl derivatives studied 
exhibit an ion at m/e 56. The structure of the ion can be attributed 
to a hydrocarbon fragment which is formed by a McLafferty rearrange­
ment in the molecular ion as proposed by Saxby and by Zeman and
59Virotama in the breakdown of aliphatic trifluoroacetamides, The
same type of mechanism has also been observed for the fragmentation 
of C^, Cj. and C^ alkyl trifluoroacetamides already discussed, e.g.
for the iso-butyl derivative:
C ,F 
16 5
H L
\  . +  — | .+ OH
\ K  ^  {CV 2 C--Ca2 + ™ i - C 6F5
H ^  \
/  \ nu m/e 56
CH3 3
m/e 267
A similar mechanism applies to the other three C^ derivatives. For 
the two C^ perfluorobenzoyl derivatives the equivalent ion rises to
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m/e 70; a similar mechanism applies, 
e.g. for the n-pentyl derivative;
V s
H C ^
v -n ' C - ^ ° ' + — | -+ yH
"'-(K  y  CV CH-CH2CH2CH3 ' +
^CH2CH2CH S/- 70
m/e 281
All of the aliphatic derivatives studied exhibit a molecular 
ion although the intensity of the ion varies considerably.
Generally, the molecular ion of the two perfluorobenzoyl derivatives
are of lower intensity than for the (^derivatives. This is in 
agreement with previous work by McLafferty and Gohlke on aliphatic 
amines and O'Neal and Vier on aliphatic hydrocarbons,'*'^ who 
observed that the intensity of the molecular ion decreases with 
increasing molecular weight.
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Conclusions
The aim of the project was to extract and identify amines from 
foodstuffs thought to potentiate migraine headaches. In this the 
work was succesful since 2-phenylethylamine, identified in many of 
the chocolates and some cheeses analysed, has been shown to be an 
active potentiator of headaches. 9 Subsequent work has been
concerned with the level of 2-phenylethylamine in a whole variety 
of dairy products, chocolate and cocoa beans. The level was found
1 O A
to vary considerably from 1 p.p.m. to 100 p.p.m.
Most of the compounds extracted from the foods are still 
unidentified. The two most commonly occurring unknown compounds 
('A’ and !B') are especially interesting. A considerable amount of 
time was spent trying to identify Compound A by synthesising various 
amines which were thought would give a mass spectral pattern similar 
to that of the unknown. Clearly the use of another physical technique 
on the unknown compound would be desirable; a difficulty is that the 
compound is part of a complex mixture. Further information could be 
obtained if it were possible to perform a G.C.M.S. analysis on a mass 
spectrometer with a computer attachment. In this way, reliable 
accurate mass measurements could be obtained on most of the ions in 
the spectrum. Another approach would be to try to use preparative 
gas chromatography to separate the components of the extract.
As mentioned in the introduction other workers have identified 
a number of lower aliphatic amines in various chocolates and cheeses, 
e.g. methylamine, ethylamine, propylamines and butylamines, but these 
were not found in the present work. This appears to be because the 
extraction technique was such that loss of most of the more volatile 
amines occurred. Some of the spectra quoted in Appendix 1 may in 
fact be of some of these components (probably amines) contaminated
-201-
with other compounds. Because the lower aliphatic amines are
127
not considered to fall into the vasoactive category, the
extraction technique was not modified to include these compounds.
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Appendix 1
Unidentified compounds found in the foods extracted
The compounds are listed by their retention time under the 
standard conditions used for food extracts (given in Chapter 2).
The ten major ions in the mass spectrum of each component are listed, 
with the relative intensity (base peak : 100$) in brackets after the 
m/e figure. The intensity of the ions are averaged from three 
separate Or.C.M.S. analyses.
Retention 
Time (min.)
Major ions in spectrum of 
trifluoroacetyl derivative.
Foods in which component 
has been detected
5 - 5 . 5 43(100), 70(74), 41(42), 151(30), 
109(21), 82(17), 29(15), 54(15), 
55(14), 42(12).
Chocolate, cocoa 
beans, cheese.
6 57(100), 29(76), 4l(7l), 84(67), 
112(40), 181(39), 39(31), 55(27), 
54(22), 69(17).
Chocolate, cocoa 
beans, cheese, roast 
beef.
7.5 - 8.0 
(Compound 
B)
43(100), 98(40), 84(30), 123(23), 
194(16), 57(16), 41(14), 69(14), 
122(14), 53(12).
Chocolate, cocoa 
beans, cheese, roast 
beef, baked beans.
14 - 15 180(100), 67(47), 55(46), 69(40), 
126(35), 41(32), 82(25), 110(24), 
87(24), 83(23).
Baked beans.
14 - 15 43(100), 140(53), 69(33), 141(33), 
45(25), 70(25), 44(26), 42(19), 
93(12), 47(11).
Chocolate, cocoa 
beans.
15 69(100), 43(96), 140(48), 41(36), 
182(28), 70(13), 183(10), 114(7), 
126(6), 153(6).
Cheese, yogurt.
16 138(100), 207(30), 110(15), 55(14), 
41(13), 69(12), 39(11), 83(ll), 
43(10), 139(7).
Baked beans.
16 126(100), 69(95), 70(40), 139(39), 
78(21), 140(16), 43(12), 42(9), 
57(8), 97(8).
Chocolate, roast 
beef, roast pork.
17 61(100), 180(55),54(26), 136(20), 
69(17), 57(13), 85(11), 43(ll), 
227(11), 45(9).
Cheese, roast beef, 
(cont. over)
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Retention 
Time (min.)
Major ions in spectrum of 
trifluoroacetyl derivative.
Foods in which component 
has been detected
20 - 22 
(Compound 
A)
91(100), 117(32), 243(19), 65(14), 
128(9), 174(8), 90(8), 89(8), 
78(7), 198(7).
Chocolate, cheese, 
roast beef, wine, 
baked beans.
2 1 - 2 2 104(100), 166(40), 105(38), 
41(37), 126(34), 9l(3l), 69(21), 
77(18), 153(16), 116(14).
Chocolate, cocoa 
beans, cheese.
22 124(100), 42(47), 193(36), 81(26), 
96(25), 94(24), 125(14), 53(14), 
67(12), 80(11).
Baked beans.
23 - 24 91(100), 190(74), 148(68), 216 
(47), 43(38), 103(38), 147(28), 
104(22), 119(20), 77(18).
Cheese
25 70(100), 168(75), 265(67), 194(33), 
55(15), 130(13), 167(10), 43(8), 
166(9), 69(8).
Chocolate, cheese.
26.5-27 91(100), 162(99), 131(29), 103(13), 
92(10), 216(9), 161(8), 163(8), 
65(7), 119(7).
Chocolate, yogurt, 
baked beans.
42 -44 126(100), 167(50), 69(44), 41(32), 
55(30), 127(30), 54(19), 70(18), 
78(17), 166(17).
Cheese
46 - 48 126(100), 69(75), 68(72), 55(37), 
41(37), 100(34), 127(28), 168(24), 
78(19), 180(16).
Cheese.
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Appendix 2
Mass spectra of the trifluoroacetyl derivatives of the synthesised 
compounds
The spectra are drawn with the intensity of the ions as a percentage 
of the base peak (base peak = 100$).
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Appendix 3
Mass spectra of authentic N-trifluoroacetyl derivatives
The spectra are drawn with the intensity of the ions as a 
percentage of the total ion current from the ion of highest mass 
down to m/e 29.
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Appendix 4
Mass spectra of authentic N-perfluorobenzoyl derivatives
The spectra are drawn with the intensity of the ions as a 
percentage of the total ion current from the ion of highest mass 
down to m/e 29.
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Appendix 5
Elemental analysis of authentic N-perfluorobenzoyl derivatives
Perfluoi'obenzoyl derivative of
Found io Calc, f
C H N C H N
t-butylamine 49.46 3.71 5.13 49.44 3.75 5.25
s-butylamine 49.43 3.57 5.17 49.44 3.75 5.25
i-butylamine 49.49 3.93 5.14 49.44 3.75 5.25
benzylamine 55.83 2.68 4.72 55.81 2.66 4.65
2-phenylethylamine 57.07 3.10 4.49 57.14 3.17 4.44
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